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A REVIEW OF ICE INFORMATION FOR OFFSHORE EASTERN CANADA 
EXECUTIVE SUMMARY 


The objective of the study undertaken by NORDCO Limited with the 
assistance from the Centre for Cold Océan Resource Engineerine and tte 
Memonvat Unviversicy ot oNewtoUundband Lento "CriticaLtly  assege. = bine 
qeequacy Of avallabtle rurormatron on floatiag ice and Structural Leine 
agwrapuc’ "toe design “crmreariay operatronal orocedures, and ‘emengeney 
respouse *‘planninge for eastern® Canadian offshore exploratory "drilling. 
The study also examines the adequacy of ice hazard detection systems 
cequitred. dor safe @conduct tof drrybhing operations -in ties area’. The 
region encompassed by the study extends from the U.S.-Canada border in 
me sOuUtTO SCO Une Norther Limit on, ene cares ‘Serviced by cast, coma. 
ports and where marine drilling ‘systems are used (approximately 
Lancaster Sound at 75°N). Whem assessing the adequacy of tte “ice 


information, the underlying issue is always human safety. 


teebetys' “are la *stentficant “facton”’ in, Gxploratory Sperat ions “from 
tive’ Grand Banks ’easty of Newround lands "to otite nrorthern Limre “of ene 
study area. The ‘data bases” for’ tTlux, dimensrons)” mass, Velocrtey “ane 
mech ail cal sproperties= of P1¢eberes “are *seneratl iy inadequate =toe 
definition of extreme events. Operational techniques “have” deen 
developed “that permre exploratory drilling “using elther dymamvedl ty 
positioned or anchored platforms in the presence of icebergs. These 
techniques are generally adequate, but improvements are required in 
the dete ection of small pieces” of ee" both? in’ terms of increased ‘range 
and Cory Cracking” Cargers through sea clutter in the vicinity of the 


ori uing platiorm: 3 


Thetcnost< *signititant* Sffetrarh sea ce on exploratory dri tine 
activity in° the’ studytarea Pig *to Pimit*ete Operating season) “DriVtioe 
be tedrrent ry * taking *S1ace "in Tien! Sareas where’ sea “Teey mi2nt oe) 
problem: the Grand Banks during the wine's c season; and off Labrador 
during ‘ihe “early” part* of "the summer: Detection “of isolated tTioes 


ander adverse weather conditions is likely to.be a problem. However, 
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information on the mechanical properties of ice under such conditions 
Se e0sparsevisS “sHstumatine possible Mdanavel( bop ma lvessel Or deal line 


prattormey ise darreiealre. 


The date baseciefor ice loadings due to freezing, sea spray and for 
atmospheric Leing®condtotons firé@esing "precipi tation,( supercooled sfors 
andtwet senowatttning toimitce Pasi dinadequate: tfor caltulation oftexteane 
events. Ther , Pound onerand @ir ate, tofilsuiid-adpe. oft stearic r ay eho ers wa 
function of vessel shape and size, the shape of the structural members 
expogedi*to *ticans, ive’atacuretof thei %ssurface = cokt ne, and’ the Weare riow 
Chrough + t{he? Surfaces ALGhougW@empirigals sand ch doretwcad “Hodes have 
been developed for the prediction of sea spray icing on vessels, there 
2s “Very? Natt tettdatcatton “cer meccimulazativon on semi-stbmers Poles: From 
STUGCTES* EOE vohe Mribertia audvoabie is band areas’, typical ace boads for 
such vessels with a 50 year return period may be in the order of 550 
tonnes?’ "for sea “sip'Pay? §.ciine,,-eaith® “ani © additional *-300%. tonnes. from 


atmospheric sources. 


Fog and adverse weather conditions are common throughout the east 
coast exploratory drilling season. Therefore, all weather, day/nigne 
LeSltdetection “systems are essential from the Grand Banks northwards: 
Radar is the ¢ommonest) sensor, but ait as evadent Sthat (floating toe) as 
a*/poo'r* *tarebt, “and Smale tpvecest tof “Lee Ptannor*®h>e reli abiy Wetercted 
using@&denven tional matinee! tradarsi®extept Punder t Fidielal propogation 
cond Ltitone. On-going R & D suggests there is room for improvement in 
marine radar performance. Avrborne cer’ reconnals sance +s Soften 
restrmetéd byt ipoomtvis1 batlatry . Imazginee@airborne = radars” have =proved 
succesisful’an detectiine a@rtas "of pack ice, "but lees ‘su "in Vocating ane 


ident@#yineeteOolated floes or small Acebergs. 


Desten* and**onstriction® standards® for 4vegsels *Sperating Pim. tce 
infested waters’ have “been "developed by ‘the’ Classification Societies 
largety® Tor insurance vpirposes , "and more “recently, *throweh Sime Aperic 
Shipping Pollution Prevention Regulations. th 1983.;. tnterin, Staundarde 
for the design, construction and operation of mobile offshore drubbing 
units  (MODU"s)' were “issuéd by ‘the Caneadian®Coast"Gdard. However, up 


to now(all\sexplorerory tdritlrlhing "has! Deen *resreieted? tot open twatsr 
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Condittwonsiwes thearonlythexceptions beang) ithe -use.o0f, supply vessel's: for 
iceberg towing or deflection. Ice management procedures developed in 
che eanly ~l9 7.0) sishavie,mow become, accepted practice and, are part, of ‘the 


COGLAgsuidelines. for.expl onat.onys dr uLiinag.. 


Several European countries have developed MODU designs for severe 


weather operations. These designs emphasise covered work areas and, 
in ysome cases, flush. surfaces to minimise. icée,.acecretiion. Several wot 
Ehe desk tise cleim to) beac ice lstrengthened’, «bitty tiny thek iabisence, of 
Large uscialicasicesimpact) idathay “Lewisaedtificultij to asees'g), theaiac tual 


Capabdibityaotecuchy Vessels. Fromythepamoformation obtained  by,»theiwtudy 
team, very little attention seems to have been given to the operation 
Of exiposedscemencgencyaweau Vomemtey isichvedas, J.ifeboat’s.) under Uvcime 


conditions. 


Baciweor  sthe chapters a dea linen with, 1ceberes ; «sea. Loe, soins.) ies 
detection, and the regulatory environment, and with an assessment of 
the current, state, of - knowledge’. Thesé@ assessments are reproduced 
below | 


Icebergs 


(4) (eebereshuane wy a stenuficagti.factor,~tnllexnlonatory. sirius soe 
-operations from the Grand Banks east of Newfoundland northwards. 
Although icebergs.have been observed in the Gulf of St. Lawrence, 

they) are not’ ‘considered “aleerious impediment to  drivVling ano che 
Bea. Simi) awl wien soutkh tote wNewfound lands .and).0kt. Nova. Sao tua. 
Lceberds Varese iso k rare tie vyebarcusgin Likely towsdntennupty ed raion 


Operations. 


(ia) Thesvacebers, \seasons-aextends sirom January, to July on. the .~Grand 
Bankes 6 Waist Delt ne, man num flux soccuring..in Aprile om) May. Further 
north icebergs occur year round. The minimum flux of icebergs in 


all areas is, between October and. December. 


Prine ie Adata bags ator “lux ~/edimensions, “Waéegiin, VvVeloetiye and 


mechanical properties are generally inadequate for definition of 
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cetreme events. The) best-cavanlable data bases are “for the» Grand 
Banks south of 48°N and the Labrador continental shelf. However, 
die twodn fhticwulotesiain daetiect ine suahl beresentheedata” baleeish (FOr 
these tlarenstiimay i ibe @ biased’ etowards Akxteberpiss Larger St hanteP7000 


tonnes. Information on mechanical properties is inadequate 


evervwhere. 


Operational techniques have been developed that permit 
exploratory adiriddaiine tusvineg. teilitthier fynamacady yeipos i ebenexd® oF 
aneého rede pl aeforms rim tehie presienge mig iceberg sie These techna gues 
arene generally? adequategd cebu Samp rovementsti tare Preqiired in the 
detection sof small (‘pleces “of “vee, both in. terms of “Lacreased 


vane ovand ifomtarack Lig lehroaweh weed Sc Fatt ert Git tt he’ “wi canri ty To Ff Fire 


Gm Ten ei phate rm. The’ early+detect ion of Wwebertys “representing 
aithazard ©&S B@michdred’ Diario rms FAs ers* essential "ro. ‘cheir®’ "sace 
operation as lead times for moving? such platt orus eC 


SVenitimawty Sores hers than. form rhe dynamically pos itptboned 


systems. 


Researcheonwithe impact forces! between tcebergs of various sizes 
and exploratory driliihe. platforms, “particularly as (mpght “oceae 
with geveréwsea statesi ass in its rtnfaney. Progress is ‘hamperéd by 


ack, noftknowlédges off wie (maximum velocities small preces of 2ee 


“Might attain, mechanical properties of the 1¢¢, and 42 te hehavions: 


Inu Limo act ys litte tO nS. 


The) pméesiencie: off lisolaredtigrowlers® can® present «2 hagard® tol “supp Py 
views's gles Lip aritacudarigi® DES iohie. #WwesieelD 15° movisic Sate oits norman 
erupsine speed -on. thes acsumptiton of “ree free ‘conditions. Ice 
strengthened vessels are generally used from the Grand Banks 
north, © ibwut » t mee dexemee icolfig stir eomgthenting «ti ¢ Otnirively Bro tebe 
Sunhehi cctvent: (tio renisuite thiet sd felt yo To ff trthie® v e's sels SE Sit Ss" crave hPineg 
anthirettespeaed attache*moment® ort ampacer. Neither \rédar’ nor visial 
detection of growlers is reliable under the prevailing weather 


and” Seatconnattonms. oft the “east coast. 
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Sea Ice 


CL) LET Hest Mo stl cd gnifiicantecettect »of)isea! fice! Von ) current -@dr ePling 


ACV ty witt hing ithe [sit udy wariea Tis eto (ime tthe drilling séason. 


(ii) Current operating procedures call for the drilling unit to move 


OG llocatsio matt ase: si cen so Ghime ate n tis: 


CLibMD rahi ameisnetrrent ly etakinel places tnttwowarea sl where: ‘seal ice ers 
likelvattot be 4h tprob lem, These areas Meret the Crand* Ranks" sun 


Winmkerand off erhe Vabradom oes teineithe’ early) summer . 
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Civ The eyo sultuar vod identified where the danger from sea ice would 
bevywtheeredtest dared iGa) peo bb usi di withiant isolated ,tloeidr i titime 
Ahead (of the maia- packaduringe? at storm sit watitionm “and eQb) sec amtice 
dratting (in toy thes idmal ligigens miata asd tuarLonirwhenW tives amet 


coulds not’ mover wtf. s ite. 


(v) Ther ea ws punsuftwec lent @ datas tava i Mabilet tor vde € ine. (the Wires 


assoc bated=with» Giv).« 


Gvi) “Lhe data base for many Sean toe? parameters isnot -sufirvevent to 
defi nestheretfectsiot ant impact 
Teing 


(A) (*Dhes database someruce who adingeivi come searts pray Mis. Virmattied. Ian damtines 


nets permbt the raccurmaite: callcowla tion? of @AN00" year event’. 


Cit) Empirical and “theoretical “models have “been develooed litor seme 
prediction of sea spray icing on vessels, but comparisons suggest 
that results reileoas thie (types of wesselustudved tin thelmartacular 
databaseixande anes not) ctrans ferab lee ero! sagenitieantid y 1 tdimehe rent 


types of vessel. 


(iLike Laie 2m. empirical forms: jiplus> environmen tia. “data. the 


geeurrence .f moderate or severe sea Spray.icine conditions «te 
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estimated “to* occhy @2 of the! tame for “the "Sable sland area ‘and 
9.54 to 12.5% at Hibernia during the most severe month - February 
Lar = oor t= *cla's.ers". Oniy Szenarar “10formation inv the form=of maps 


appears to be available outside these two areas. 


(iv) Formation and rate of build-up of sea spray ice is a function of 
vessel shape and size, the shape of structural members exposed to 
ining, othe nature. of) thes Surface: tcoating,|§ and * the “heat. filiou 
through the surface. Therefore, most regulatory authorities give 
no guidance on ice build-up and Limit themselves to specifying 
the *naximun 'al lowabbre rte accanuratron "to bev ised* im” staberity 


Caheutrerons*= 


Cy) Being cata Lor semi-suwoMe ra volece=ls Virtuaely Gone xa scant, aird 
tiere ws no "clé@ar Wnderstandine ‘of fce accumulation -on tne 
urdersidge oor deck areas. or on. Changes in  acoumd lat lonesmeties: |p 


the Sides of veTtCil@4a. of inellined columns. 


Gyau The database £O°5 atmospheric Léing events (freezing 
precipitation, supercooled toe, and wee snow ‘Curning to Lce),. ie 


not "“Surrre rent "to °calrculatre meaning iu, “NUO year events. 


(yvii)TWere “aré tndicattfones that for some areas the accumulation of wee 
om drilkbine plattorms: due {tow freezing “precipitation mays) oer ce > 


LMDOrCane as tne Accum atxon trom «sea Sphay a 


(Vili) Some, of ‘the ‘operdatine Manuals Cev.irewed- "in the ‘course <Of (tas 
sHhudy “make” "no “"reterente to ~icine “of any “type,” whereas “otters 


detail “actions to be taken, Lnetudine load dumping »rlorurres. 


(ix) TStAT ieDng *Worad’s *With <a 50 Pvear™ rettrn period “in ‘the Wiberoud 
area YVave been estimated® tor be 550° tonnes [fromusea spray 2elnce. 
with a2 maximum load, takine into account atmospheric leanne. Sor 
about $30 tonnes’. However, these values depend heavily on a 
number Of rig parameters and the model used to ‘estimate extent 


and rate of accumulation of ice. 
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At ORtat. resond fOf Oe. Mbit didi. Om rtd line olet fo pide cae 
different Vocations and. operating wunder different, ‘environmental 


conditions as urgently ¢equired,. 


Ice Detection 


C2) 


(i) 


Kis) 


Icebergs 
Lee herea lor any sice are poor wma aT) tarmne ts 


Phe, presence \ofy clutter. especially iséq coliukrem si se at haoma por 
Pini Ging, factomu tne) the setection sof Goebenee. when. lati Tageesd 
shorter than the maximum. This presents a sertous problem in the 
datectton of bergy bits and, in particular, erowlers.,) 2¢cthey are 
normally only. ‘detected. “at eshorts ranges, and» even ini. bowlers 
moderate sea states the clutter may be sufficient to mask them at 


their maximum ranges. 


(iii)In the absence of clutter there is a direct relationship between 


Civ) 


(v) 


Gy.) 


the size of the iceberg and the maximum range of detection. The 
tremendous scatter in the range of detection data provided by the 
Vartous vreasearcthers sue eesits! “Chat caution tis neces sare 


applying the relationship. 


Subnormal propagation, conditions dominate Wn, the. Grande eanics 
Region. Tere, isivery Mirtle in tormat ton aval Labbe reo a rdauren aie 
conditions in the more northern areas. There is a need for more 


quanta cativeVintormattour for aller ea si. 


The Level) of. on-going R&D indicates, there is recognition, jot the 
need for -,improvement. in omarineg,s radary for ute: “deter ton wae 


icebergs. 


None “of the research (reported) here provided siegniatteane 
informat rom on ‘the, number ‘of. teebergs note detected (at) avian 
marine! cadars ‘This has) created, thes falee admpresaton «thar aou., 


small targets’ 20 !’clutter go undetected. However. “We has Deenetive 
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experience of Marine Interests in these waters Phat quite 
irequently toebergs of almost pany “size and at moderate ranges do 
powundetected. Imis is ditctveurc 6 quantary wut the. n@éed exists 
to determine the percentage of time and the conditions under 


which this SLEeaation might occur. 


(vil)Given the predominately poor Visibility conditions, particularly 


on the Grand Banks.) Chere is Some question resarding “tite 


effectiveness of airborne vistal reconnaissance. 


(viii)Long range visual reconnaissance by surface vessels will also be 


Ce le ae. 


Cx) 


Cee) 


restricted by “the jpoor, VistLOtiaty wand the shore “coverage “area 


observed at any given time. 


Ite etfectiveness of "Short range visual reconnaissance by sugpore 


Vesselcowan (Ne evicimety (Otememdrs liane ohattorm arittimes oe 


low 
visibility on in ‘darkness, 1s “unknown. Larger ice targets may) De 
detected ‘Dut -growlers” may ‘still ‘not be sighted "under these 
eonditions, During rough sea -conditions- the movements, “of “Ege 


support vessel “nay be “restricted, reducing rts capabi ivcy oOo 


perform reconnaissance work when it is most needed. 


SLAR; because ‘of \1t6) all weather, day/ nent cCapapi lity. asec 
potential of being a very valuable reconnaissance tool, but there 
LS considgerabie confusion. regarding its true detection capapa broy 
against essentially pont targets... As@= with! marineseradar sa 


capability needs to be quantified. 


A’ major “limitation “with SLAR “its the orobVem (“ot idene1iyi ne 
targets. In areas @uch asthe, Grand Banks there Pe erent rcaeae 
frshing= and marine transport traffic. “Thus, the, provapvimey oo. 


falae dalarm is signiticant, at least in fous rer. on, 
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(b) Sea Ice 


(i) 


See 


The-Wetection wange fon useagies floes appears ~bo. be- simi Lad pio 
ok Bs ae We smal. kL icebergs and 4527 Ow lie re: Signal processing 
techniques and high antenna heights have been shown to improve 
Lopographia feature. detection: ranges, for, consolidated) packwice en 
bbe, Beaufornea,Seaasbut pthis. smayunoe (apply efor the, Ease coast sof 


Ganada. 


Because 4 ,.unco ns oki date dasor s.)'6.0:5,.6 (yd eq Ue ma Yew bale. 0 ie eae 
appearances Of). 263 .Glnttero ion norine radar it may ies dif Fic tio 


detect; under certainuconditiions. 


CLiidtThes ined ukitw te identity, wick Jeynes im the. sea ice werk warns 


(v) 


Cc) 


i3:) 


marine radar may. prevent. detection of .-pohen tines. dancer ows 
multi-year floes. 

Because pack ice is generally a large scale phenomena, visual 
obdservattons.. ,eithery from. shinvgor vaircraft, should, be adequate 
for Mon toring it. end poom i Ss EDL lie wi choi ot present a-major 
problem.) Thesdetection ,of umulti-year, floes should also Whe 


possible but well trained observers will be required. 


The -almost yall’. weather Sday/night “reconnaissance capabalityw aoe 
SLAR makes it an ideal instrument for the reconnaissance of sea 
ice, Lf 1s) also tanablle Of iprovidine clase it teation of 2 tre woe 


ands-acqumate, positional knformagion:. 


General Considerations 


Individugliv.- each, detection. method giuas Ges short romines. Seine 
performance achieved through an integration of all the techniques 
may be adequate but there is insufficient evidence to make an 
accurate .quantitabive.agsesameant. -Formwlone erange,  sgtratesus 
reconnaissance upstream) of: a drill-isite,.at) would, appear that,.the 
combination of both airborne and ship based visual reconnaissance 


along with SLAR might be adequate. However, SLAR would have to be 
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emp lovematont& ttdeidtiic ated’ busis SEathert tthanesastla*eo0l? if 
Opportunity employed by another agency. With the integration of 
all these methods, however, small and dangerous targets may still 


silvp!) throigh) unidetiectied . 


Fomushort rangeseclose tia ctu calli montitor inner there @are fat numbers ts 
problems. Under moderate sea conditions, with even moderate to 
poor Wisibihitys#imedaylight fétheitcombinéd uwsié of marine *radary and 
digjig@enteevasual reconnaissance (from the driilline pletform and 


service vessels) should make it possible to detect and keep track 


ort ta lI AP ace hazards bt Unde retceyve rae itow Sy ist brrity “weather 
ecougkt ions tand kant darkness fatvilsuad® rcec/oniarss ancl’ wits) She 
impo'ssiubil e°.8) Mara nes*radar@ willie shaves tolebe® reiiedi’ipon almost 
totaultys*éUnGortunacely #" imamine Petdarer asi Weast?*reitaile «nwer 


severe weather com dait zroidis and ice hazards may approach 
unmcetreiotie dt. eLAce noted seamlafersceit SShoulds ‘bel @relative ly SBeasgy eto 
tnack esearidce wind tthiseise appdaeeb letteveni vat short ranges! from 
the drilling platform. Tha problem. at) close. ranges “is. iehat enads 
i@ebermgeie crowlers# 1 mult miyeart hi toes, Sete Ge withinethes sear tice 


pack tmatyé Boe undetectedstwhenu@ret rable detection” and ‘orecuiise 


pOStGLonal”’ i formati one rs” mom fneces sary. ~The *o resenee® ont 
darkness, low Vis DOLL ity Sand ore sough seas oil Pee ompound Sire 
problen. 


Regulations 


Ce) 


Desaeny ands consbhructlons standards fore weisse ls (operatings fim ice 
infested waters have been developed by Classification Societies, 
Latrigel yo efor <i.n suirtance | ipuirposiesa8 The Areere woyaoe Soteeene 
"'Manhatitvan(*#.in 1969 was closely followed "by promulecation sot. iene 
Arctic Waters Pollution Prevention Act, Sand». the vaccompany 
Aratie« | Shippings Podllotiomn Prevent ont Ries lai Ooms These 
regulations. For @hneatittire ro inte? “sipmenricd® Chepstow mee 
construction "standards» required ‘for vessels “operating north of 
60°N latitude within 100 miles of the Canadian coastline. These 
regulations apply to exploration activity north of 60°N latitude 


-~ sime@etuding the dates eof entmy #and.cexit from these waters for 
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Gehrerent luce vielass ‘vessel ss the deste resulations, “do nor 


Speciticalily meter) coi Modu” ss: 


Ehe? Lotexrim Geand ardsitiom: twerdesign, iconsitructiom andyoperataon 
of MODU's recently issued by the Canadian Coast Guard, generally 
require? ice idadined to oe Caltulated for lo0Myelar Ureturn events. 
However Vas “ise cevident from sthise “study, theré is “not sufficerent 
information on most. ice parametens ito  cakculate "realistic: LOO 


year events. 


Cirip Ali texploratory drill line yeveseels operating in tWe-, Vie var ey, oe 


(iv) 


(v) 


floating bee have isoohistireated dive, management Sys tens; Uwitn 
clearly defined operating procedures should: approaching  uce ase 
a \hagard top the: operations . However, these management systems 
Pelis Gon detection of tazardous (tee rand it is. .doubtfuly whether 
present ‘technology as’ adequate: for detection of ‘small bergy bets 


and growlers under adverse weather conditions. 


A number of theoretical studies have been carried owt im order to 
estimate the damage a small, undetected piece of ice is likely to 
Pale “ome a EMODU, Recent laboratory experiments indicate the 
energies involved may be significantly greater than those assumed 


by W Glass ltscatton=soctetives Sfor supply (OOat COLES Vom rama wo 


~MODU. However, the ‘collision ‘forces are. dependent 7 on pene 


behaviour of the ice on, impact and there have been no large scale 


experiménts “to verily “the Seheoretical asgumotione. Such 
experiments are needed to determine damaged CG re Wh ye oat Rp Was 
requirements for MODU’s, as well as strengthening requirements 


when’ Contace, with Sf Vo tine wcrc (te “Lake ly Von bre sa. etc om oe 


OCCUR Creme Cg f! 


Several European countries have MODU designs for severe weather 
operations. The advantages of such vessels ‘are flush surfaces to 
minimize structural icing and covered work and emergency assembly 
aceas. Several of these designs have “Lee strengthening, but ae 
ig nok clear how effective such resinforcing: would bes im ens 


aveme Of a collision with glacial tee. 
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iy) Very little (consaderation (appear “to have been “given <to, thie 


operation of exposed emergency equipment, such as lifeboats and 
laferafts, “onders freezime spray or precipitation  conditiods:. 
Ago fedets 2S Enotecdeant from Sreguil actions) whether Prrebeatss Gor 
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iO INTRODUCTION 


Pialk Terms sot Reterence 


The Terms of Reference of the Royal Commission on the Ocean Ranger 


Marine Disastex cad) for®ltwo major MuGcivities: Parit 2) an extensive 
LIVestigation gintossune: Lossweormtive Océan Ranver, and) Pare Lh ls which 
calls for tic Gommissiton) sto. lnqulpee 1nto >).  repomt (upon, “and yaks 


recommendations with mespect mtotmeboth; marine. and drilling aspects Yor 
Pfracuiees <and pr oged mre eA tTespect. Of “Kas.tern, (Canada Of femore 
dgilling. operationstrand “tomamnumber off /specific) matters | ré batting) to 


drilling unit soperathineocohi snore. 


The geographi¢e area. forwumesmaant LL -(istudtess (Figure 2.1) extends 
from the Ishoreline (lotie ane ore niurrsdlcrivonal -cVaime., jand, trom mie 
Canada-..S. boundary | aowchem nomtpern) Limit of “the Marea Pservi cedn poy 


east <doast) ports) andvywhere  marceme “driakblins (Systems? (aire wsied 


s 5 - Foal * e ec (@) : = : - . : 
Capproxinatel ye Lancaster. Soundenatewro iN): Phe) stud y+ Cp Man "ia seme hy 
divided into five areas: environment, regulation, design, safety and 
Grn hal ees Inj each case, the studiessenconupeass offshone exploration 


and delineation “drilling operationsm Including (services and isugply 
(matine and! atir) activities. The -ssiterrrnmalil cases is human safety, 


with “property iseatetyuonly. being wiconcidercd tonne extent “Pt samt sote 


human safety. 


On. 1.7 Mavi, 241983 NORDCOTHTinried and C-CORE wemen- invited shove me 
Royal Commission to submutusaworkplan-towaddress-the"iee! aspects af 
the enyvironmentalansroup (ofesrud ies” The study objectives ‘being to 
critically assess the “adequacy~of avathable-information on ice needed 
ag. input to Mesign Ucriteri asmwroperating “constraints, (and emergence, 
response capabprrrrresr for lastern “Caradarernhoratery dni sane 
operations. The study was ‘also. toy critically) assess the eadéeqnacyao, 


ice hagard detection. systems, nequired for Usafe conduct vot »fas fern 


Canada Offshore: drilling wopera Cironsr. 


The’ Royal Commission in wits) tavitationm defuned:. key i termaarer tine 


reguived study “ae.in Table 1.1, 
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Design Grit the © ie 


Operating Considerations 


Emergency Response Capability 


Ice Hazard Detection Systems 


me ee ee ee we ae ae ae a es eae 
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TOwincluidesace, itnvall wis) forms wee 4 
1c Se ce Desrers. ch Matin. lida pyrers clowr 
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accretion. 


Refers et ovemou1 bay offshore “drill lane 
Big oy Oar! Caynamica lity positioned 
drillships, semi-submersibles and 


Tacs Uso) AU ia )s) 


lenic! nude Su ncio.n diisteiioin $1 46.0 Gi: 


ee. mle cuanGtiran's fe riya divatliel cer tain 
survival modes) 

= vessels (standby, tr aan-s:pact); 
bogdangheandsofftloadirnad) 

= helicopters, (take-off,, landing and 


travel) 


Refers to equipment and procedures 


used fox personnel GV a Oil fal Om 
SU Taian |) Wore ae tou A Tidael mie ore lair 
andy, includas, Government. Search sand 


Rescue. 


Refers to equipment (hardware and 
software), personnel, and procedures 
used to detect and forecast hazards 
presented by ice and will inelude 
the measurement/estimation of 


deiving -Pgnae ss iwindt{+cuprenmtape: 


a a a a ae eae ae as ee ee 
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1.2 Canadian Bast’ Coastieotishore Operations 


the varea of (oncern extends isomer3000. km from ‘the Umated State's 
DOrte Tr in the: <south Po. Lbarmeasier woound- “at “the “entrancers to’ othe 
Northwest Passage. The eMimate varies from temperate to Arctic. The 
width of the continental shel tothe 200m isobath varies from 200 km 
off Nova Scotia ito 400stkm "soltheast of sNewfoundland. Further north 
eff Labrador the tshel?t break generally occurs at 3070 ma@and l50ekm from 
Ehe “coast: Rast tot Bafa, ts langertinere Ss virtuallyenomshe lt and the 


seabed plunges to depths of 1000m within 50m km of the coast. 


Exploration permits,  rePlectiimg current “knowledge of sedimentary 
basin structures jon the east? @oaste.e have been awarded for pares of the 
Gulf of St. Lawrenee, large parm@euoftthe Scotian "Shelf \(parpicularly 
near the shelf break), the easternpand northern Grand Banks, northeast 
of Newfoundland 4and alone’ ithe@ cast ofjLabrador, The’ tony permit 
areas off Baffin Usland are at ‘the Mkaturiude of Davis Strait) ange ateirne 
entrance to Lancaster Sound (Freure ie 2 Re To iate deat ine eas been 
restricted to the open water season feandyithe type of rig employed has 
been dictated by] the water depth wave Yonditions,and the i need’ for 
mobility in “thie pati of. teeberes 

Three forms of "ice" sarpemencountered.-in” tiger. st ncwmarea: ea boca ye 
ice in the form of iceberes; Geeaqeuce;.cand toe. thateugocms on structures 
exposed to freezingoipre¢ipata Muon or ysspray. Up tComeaow, exploratory 
drilling on the east coast “hasMmotugpeen attemptied Gmagene oresience of 
sea ice, but has become rower ine Piingeane ipresiance ‘of tceberge, 
Super-sitructure icumg, althotigh® petoamuezed Has a problem for fishing 
yessels operating in the Ydrealidumine the winter months,, Has) oniy 
recently been addressedipagmameitgenificant concern form offshore, dri line 


operations. 


A further hazard on “the, east scoas te rebated. tor oe tin ce cern Gout eS 
possiblity of ‘am iceberg keel drageine oscross the rdrilisite “Vatter 
the drilling vessel has moved off) and damaging equipment on the 
seabed. However, weuch ean event “Ve, unlikely) tol constitute (a ras sho 


human safety, and therefore has not been included in the study. 
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EXPLORATION PERMIT AREAS 
(GOGLALdes3) 
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Region Drilling Operation Ice Hazard Level 
Rig Season Icebergs Sea Ice Leing 
Type (months) 
Lancaster Sound DP z, 3 2 3 
Baffin Bay DP 3 3 1-2 3 
Labrador DP BEES) = D2 om 
Wetan ut bc. An B=12 3 Hb a= 
Grand Banks An 12 Le iZ Z= 
Scotian Shelf An/J 12 0) O 2 
Gulf St. Lawrence An/J 8 0 i i 


Notes: 


DP - dynamically positioned drillship or semi-submersibie 
An - anchored drillship or semi-submersible 


J f'*rjack-up cribbing?’ plattom 


Ice hazard level: 3 severe; 2 moderate; 1 slight; 0 negligible 


Table 1 


2 Summary of ice hazard level by region assuming drilling is 


restricted to the “open water" season. 
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Given isthe requirements for open water, conditions, “year round 
down g “tes. “only sbeens possible, .pft PNova Scotus. <andy) wher.) dus 
Pe nomr ton. to jweebeteys! and woccasitomal! Unmelirs bons® of. sea: site, om. ore 
Srand, Banke. (Tapie. l.2)).. Further “morta Cher eed ) Us covered 5% vice 
duviue thes winter “and. exposied.0 tho southward! dribeine  teeberzs 
thro teh ou teh hele a Te Nevertheless, tdrilInne using dynam teat Ly 
positioned drillships has become routine during the summer months as 
far niortidy as. Daverss Strat. in tie ex treméw nore, oft Lancaster sound, 
drilliing permits have. been Jsought, |but | actual drilling has not. yet 


commenced. 


dack-up- systems. (Faeuresn.3 Cad) unavel been ™irsed in the iculimroe Se 
Lawrence. and) innethea  shawhow \watersh clioge to. Sable. Lsihand )oLf pp Nowa 
Scorius . Eivsewte ned Off, Novas Geotim Gand’ on, the) Geaand “Banksairos 
Newfoundland, anchored semi-submersibles are used (Figure 1.3(b)). 
Ctr Labradors and win Dawe (Strait p dynamically positioned, ves selma 
genérally drillships, have been uwsedt to: meet the need for mobility an 
the path of icebergs’ (Figure 1.90e)%., None of the drilling vessets 
used go fAresion thé wast Coast have bleen ice class, “although some aor 
the semi-submersi bes have extra: Strengtiening inel(thein. vertacal 
columns. Hence, Operations depend fon idetection of all vwpotentral tly 
hazardous GLloat inmeeece in sufficient timer'to «either vde hier emtne dee, 
Or to move. -eheldiriiwlaine messel) out lof tthe path of tha tee. Supply 
boats (Ubigure J..5 (Cd eeeapart .oulbamiy (those, used olf Labrador, are wor ten 
Lee Claes, o sicn sas Dlovyvds Are tice .C lass 52 ore ok This is necessary as 
the supply vessels are often required to work in close proximity to 
iceberes “for Cowing purposes... or vactually in contact wel smal (meeces 


of ice when they have to be deflected away from the drilling vessel. 


(b) 


(c) (d) 


PIUGURE L.3 Typleal drilving Platforms and vessels ieee 
Eastern Canada. (a) Jack-up, (b) semi-submersible, 
(c) cdi liehic; fand (o)wsipply vessel. 
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Woo, OTe anizatiion of Study 


ine following “four chapters "dealing with teeberes, Seal ice, Acing, 
scdamiGeneedetect Lom, st.artil with a, brief introduction. outlining "tue 
importance of the thaptervsubject(.in ‘exploratory drilling off; the east 
toads oy wawaaa’y, in-each case, othe smntroduction is folboved  byaag 
reyvieweor the Unrormation “available "fol ithe stidy team (Table 2 29) on 
Ciel =vartucwmirars Twp LO rom uw iGoneerny aud tiene py a) discuss tom  onusuite 
impact (tve “current wstate ofl knowledgere nas moon’ drilling. “‘praegice ein 
VAr LOS pares: ot *the east veoast oLi snore: Each chapter ends with an 
assessment of the current 'statevof knowPedee “and “comments. fon <urrent 
practice forithe pespe ctv é ssub ject eared s. SCatistroas sancmoeenn) ae 
discussions and conclusions are contained within the review sections, 
and tne assessment sections are, in each case, 4 statement: of che maim 
poOIntS (to -enmeree trom the ‘technica treview in. a fort suptabpter tor 


non-specialist readers requiring’ a general appreciation of the state 


Of the art? 


Chap Cera Sink. ss “ah revinew of pire ace” “sectrons)) of «vamos 


government design, construction, and operational regulations relevant 
to. east ®edgaat “orischore exploratory dri bhine:. Comments are based on 
the “study Steam s*"Sppreciation of tte™ turrent state (of knowledge 
regarding Leeberes:, Sealicoe, “Leing end Lee detection, 4S spertraycisen 


the earlier chapters. 
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meUDY, TRAM 


NORDCO Limited 


Project Executive RweA sa eStacey 

Project Manager J.N. Newell 

Contributors B.R. Dawe 
D. Finlayson 
Rep btegeralkd 
K. Hardiman 
Cae pedo nt 
Nett see S 
KR. Ryan 

Consultants 

Memorial University ds Denver 
Wa Milne 

Centre) for-Codd-Ocean 

Resources Engineer Je, Watt Lek 


Table teG@eoeS6tudyvaBber's onned. 
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Loe Tatormaet £6n |) Sources 


This section and the bibliography have been prepared by the Ocean 


Engineering Information Centre (OEIC) and the NORDCO Ltd. study team. 


Aftem! @iscielsion with? Wepresenmtatives’ © of eMNORDCO  candaithe 
Commission, information was provided by OEIC to the individual(s) 
respons ip lé* for “cath “sectr ont obo iiite re por. D¥Eferentrisearan 
procedures were carried out for each gectiton as’ not! all *Metiodstwere 
BOD ts Cab re? cto’ Svery? Sec tions The appropriate search procedures and 
relevant information sources to be checked were selected after a 


reviewlof®souress WELCH che MNORDOCO ivieseurcheris”. 


First, major sources of “ice” information were identified, then 
these! “soll'rces 'were %chiééked- *foreirébevant “ice ‘data in relation to 
offshore drilling procedures for offshore Eastern Canada and celayed 
to the researchers. "Non-document" and proprietary sources to be 
followed were “tdentifted tearly in? thes study, as*these *soutees often 
require. “suberantial *lead. time before’ aecess to’ “Che matlerial:..can' de 
obtained. Sources from U.K., U.S., Norway and Canada were checked Lor 


both ongoing research and for document data. 


Information either by bibliographic listings or by supplying 
physical’ *dociments* was’ provided! to "the researchers at NORDCO for 
review. Subsequently, OEIC indexed documents/projects ideantiftrved “by 


the NORDCO study team which pertained to the project. 


Ice Conditions 


A computer search was not undertaken, as the relevent documents 
describing the ice conditions for the Canadian east coast were either 
in Cre ORPOTeSlleceion> or NORDOO SET Kes - Emphasiiiss wais placed on the 
identification of major review documents and the search was broken 


down into® four’ main’ settions® 


” useb gos ri3 pe fees s hee Sobpeey aerssé tase 


; 7 
s235008 nuizesie 


6 


i 
‘ 4 - 
a | i di : - A i ry - 
Bete eFs. Vet PInGs Id) fhe evar LRere gai! Cid <«<4Ay Eee Gor suet 
? : x 
( f : : "i ¥ 
ee 4 4 ° +» { “ (Mur "e712 4 t _ - . e e ¢ . _ 
we | ees - bowl. * : ae: se f af 3 LP) ee 2 a ~ oa a ee rane a 
' ‘ 
‘ rs * 
of om ( 4 F 7 ‘ 3@ i” f s ; Se wa 
~ 1 
4 2 bie “ i s a = 
\ 2 t ; ; f y r Y = 4 7 . rot 
rer ’. oa 55 S ” 7 a 
aes ] Us n i 5 ¢ - si a] fr 
4 4 ‘ 
panes 
~ 4 ddan f es 2 . ‘ss 
2S ' § J ye J . ¢ re 
' 
~ a . 
it 2 ~ , * fxs J -_ Zs = ¢ 
: r 
=i +, 7% + au ~ a % =~ ~ 
- i oa a4 . ‘ 2 7 rio d TL oO % é o 
ome ai 4 =) 
phys r Pearwoe 4 
1 
1 | ‘ : 7 . t ] + € ‘Pf 
= « . es a 
J 
ve 
1 ~ 


oi ‘Heresies wet tests sé S19 enotve¢ Senge 


7 ; 
\ n rs & a _ 

q c S37 ¢ b - | + ile - oS % of -2Y 3 2 A 7 ek » 3 ¢ ere 

. 4 BST, 


4 { 
4 

. } fy y i = we) " 5 ee ep ai ‘ 

a I -. 
i e i 
<9 ~ - 5 » ~ 
; 2 , 7 a7 $+ B a 
i 

4 ee A Ve 7. iad t D 4 f. Te $o% * 


a 
1 
 - 
nrtg QCQEPVTOsi dsc § ire 1983 7" we 
y Lf {4 ‘el y by . Va* r ve “ ins q 
r f ; t hy LG eee oe Le 
J ‘s n 
Mil 
1 } 52 + FE ES 7 see) > Aw wees vba 


or, 7 U 


» s 


itd 


a5 eibendd age Tohehet ri bows gor 
eae ia es ves iy : 
sala —s oe " Mea ae OMIB OR u PS. 


k ; ae > * 
hore e2nemoogh: Wa rye canes 


~ g 


-j|2?- 


(a) Atlases> 
(b) Bibliographies; 
(c) Environmental impact statements; and 


(d), Indwstrysceports . 


All major atlases covering the study area and bibliographies 
beferencingiice conditions in the east coast were identified. OLEG 
and, BLO, (Bedford Instireute of Oceanography) holdings were checked for 
relevant initial environmental assessments and environment impact 
Statements.) Pallister. Resource Management documents and Arctic 
Institute (ASTIS Bibliography) were also checked as the former is the 
main distribution point for Canadian offshore industry documents, and 


the lattervasercesoonsa)d lestiore thei ra andex ings 


The .follouiune (LS wand Mbhe sources dweneetdengi.t hed 


L),»+NovaeScotia —- AMobida 0d li Ment ures EIS: 
ii) Prince Edward Island - two contingency plans located, but no 
ELS peimein ssoOunces ~aAdentitied (were. Bilbacik icy wow cee Metcmore 


University Marine Sciences Centre and BIO publications; 


LAI) Stmattoot. Belle (isle. — bower Chueh tk oh hot 
iv) North East Grand Banks - Mobil and Petro Canada; 
v) Offshore Labrador - Petro Canada IEA; Texaco sites; 


vi) Eastern Arctic Marine Environmental Study 

vViilEastenn «Aretuic Off shore! Dradilane— Sowthern: Davals Stiragt 
= BAMES 
PsablSAbyslapertad OalebLtd i: 

viiil)sEastern Arctic OffshoreitDrilling - Northern Davis Strait’ and 
babii ne Bay x 

ix) Lancaster Sound - Norlands and subsequently Consolidex 
-~SBDIANDeLancasctersasound Study: 

x) AGORA? lotePropect; 

xi) Beaufort Sea EIS - (Transportation documents only); and 

xii) Sela Ice Management" Seminar, Memorial University. of 
Newfoundland, November 1983. 

Industry sneportsiefiled withs COGLA sand DIAND4were: adenta fied and 

bibliographies available from these were listed, but the individual 


reports were not. 
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rhe @ELTC- Andexetvas TAlSo Fichecked Wunder 9 Sl lS teorr apie Vee rns 
raclGding Green landteands thet résearechér. lathe NORDCOsenot#fied. of PWtthe 
bisttne® Material was then selected by the researcher at NORDCO and 


OEIC indexed the identified documents. 
LeelDet ection 


A, cCoOMmpUEesS r™ Weare n was Cundertakent ton Mthreet data Fboasiaehicoveriag 
Literature tindm W977 So daeert PThes seweres 

a)’ COLD “(Cold Regions Réseartch and Engineering Laboratory); 

BD) NTIS (National Technical intormeation Service)” and 


c)s RESORS “Canada Centre (for Remote Sensing) 


A computer list was provided and subsequently relevant documents 
were also provided. OEIC then indexed those documents which pertained 


tor che? pro 7ect* 
Lee *4a5 "st Factor int Desi en 


Ther OELC coblection iconcenttratesrontioffishdre istruct umeldestens? but 
does" nottcoverevessel "designs vAlblSeodeas;, regulations «guidelines eand 
legislation held by OEIC were checked for relevant sections on ice. 
This) searchvatbsovcovened tihe NdenS@f veationen wf materi als mertasningeeo 
leet asiadfactorpimeoffshorewoperatvons!. The certhificetion “authorities 
identified to be checked were: 

- AMeric an’) Biré aio fo fess hippine ; 

od American Petroleum Institute; 

= Bureau Veritas; 

= Det norske Veritas; 

= Germanischer Lloyd; 


+ Ldoyds siRegistecnof Shippinesgeand 


= IMO. 
Le gaisibatdion idor, Ulekhin! Norwhiy!t camer i Cian odav iwe r eee chemise dd end 
references® to “ice” were’ flagged. Cards were also produced for those 


references checked and in which no reference to tee data was found. 
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ObGtetalsoyv requested! thati@RCORMD Information Centre produce a 
Fisting of theiritsipandardsistdéodesf regulations and legislation. This 
listing was sent directly to NORDCO. OFIC checked the RCORMD Bulletin 
for material not indexed by their listing but which might be relevant 
to design and operations. Li ivas ‘recommended’ aitertdiscussiom *thace no 
Computer? tscaron bettindereaktenl tas © the amadgority ! ofvithenlitceratuce on 
“ice design" pertains to the high arctic and a ‘computer search would 
only ‘rodince Tadhuge pvolumed olf¥ irire Pexmnity Mit gra ture: Documents on a 


major Norwegian project undertaken by a number of companies "Marine 


Suips!) andSeserictwres in “ce” was’ “provided to “the  reséeareter haar 
review. 
ice as) a Patt or Snbopernm tains 

In “Leeyo pemationés FOAmany “ot “the same. ‘source's yes “far seine 
"ice/design” section was used. Operational ¥ manuals ? thera e St ete 
Commission were also checked. A mandals<edarch® sof Ship. Jabs traces 


(covering Sermindinavientéand Dither eB ratich “btcerature) “and 20 fis iere 
Abstracts! (Veovetrine® (Bri tiitshvdand’ a 366 Ditreratwre) twad@tndertaken. Few 
references! thore'ritc se) ein eoperat ions a wer ena den cite dy A major program 
undertaken by Norway SPS (Offshore Safety) was identified but OEIC was 
not able to™ asceirtai nti fe thiciitwas Strevevant? A second *sourcev trom 


Norway; ‘a. confierente entitied Winters’ Drulhling ane cheeWortn ’ waseeaisc 


identified "(the papers *are “in! Norweeian) . 


Contingency plans for wellsites and/or operators were identified 
through the RCORMD and COGLA “cGfifice wsing the “recent Se 0irograan, 
produced by COGLA. No@ tai contingency plans for each wellsite were 


located. 
Iee as a Factor in Emergency Situations 
A computer search on the following data bases were carrred out. 


a) NTIS (National Technical Information Sergice coverincee pase 


government documents) ' 
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COLD (U.S. Army Cold. Regions Research and Engineering 


Laporatory, data bagedur and 


Cat 2OOmeCirans port Canada data  bases).. 

Referencias) wieirlet (pm lived oolte am nde Wel Siete che amid § Ries caves aa 
"Emergency" response. Limiting the mesrchsiwhth thes term “acel’ phovwind 
few references. Manual searches were also undertaken on: 

a) Ships Abstracts (indexing Scandinavian and British sources); 

bie Obbiiuidexd( producadwiy the Norwegian. Petroleum Directorate); 
c) MRIS (Maritime Research Information Service covering U.S. 
Leger st une) * 

dd Transportat tomDevelopmemtyCentpel (TDC) - lilstingsof. Cawad kan 
Marine Re&eD roroyjects 

e) (Arctic Sciences and ‘Technology :Information Service (ASTIS): 

fin Major \Offsiiores Technologyytconfier¢dnces OTC, EUROPEC, Offshore 
North Seas, vand PoAc: 

g) University Library Collection - only IMO documents. found 

relevent; | 

h) Norwegian Petroleum Directorate - Regulations; 

iy Rete Di Buldleta oniiproducedi byrDSSjJuzelast -12imonehsymand 

jor W lOieE sthotr es wAbeitirecit's (1 RLycoveringsaBritieh ande¥ssmamat enka le). 

Very few references were found in relation to ice. Those found. on 
the COLD tdata basermmelatedytola"avalanches" and snow . problems. LN 
recent document ‘on the)-‘evaluation of .search” and, rescue ling Canada 


was ichéckedibutino neferenmce to ice was identified. 


ine) 


0) ICEBERGS 
Prk Introduction 


Exploratory driddine. For. od). and gas in the presence of Lcebergs 
has become a routine activity onthe. study waren... Rion the Grand Banks 
to Davis Strait drillships and semi-submersible drilling platforms 
(dynamically-positioned Or anchored) have successfully completed wells 


in areas frequented by icebergs. 


The basic methods used for d@éaline with “the icebergs have 
remained unchanged since they were developed in the Bat ey | 197 ae 
These a@yuclude: fetectine WLeCeLoeb ene tajgorned? eins» cite | Furie dir i thts 
ane emp tine wot deflects 6. ks ew Gis threatening the unit, and moving the 


dradytine. “past si feide.fleimmmtan) 4s unSwUC cess fal. 


Thee PoOteatT sak Ff iar. bees iiii.ctian Debweens “aa dr i100 ) nog sa tre! Bd eer 
iceberg exists if the LCR ens Si eeinon idateeted sau sims to move the 
UNA Or if wetilect ton 3 slnnt POSSabil es: andes the wits Pes una bil eho move 
off the sitegiorvsome Geason. The remainder of this chapter Presents 
an overview and assessment of the data necessary to estimace the risk 


of such @ contact wnd tose ua luate the potent’ ial. vresiules of any impact. 
2.2 Summary of Information Available 
a Ee a Ed 


MAS | Dastribution and Flux 


The glaciers of West Greenland are the source of nearly al } 
icebergs in the S.taldi” ai ea. Each year tens of thousands of icebergs 
calve from these glaciers but only afifmaction sof Ghese £indeshere way 
our, of. the, fjords pofwWeat yGreen Land sandesisto Bat fin Bay.rg Out etd the 
thousands of icebergs that enter Baffin Bay | seiaic he sy ear? on byl ea ofew 
hundred wills complete -thé 3000+ Kilometer journey” Soubh<ito »thesw@mank 


Banks (Figure, 2. 1h. 


The icebergs that do reach the Grand Banks follow the Labrador 


current south along the Baffin and Labrador coast and then split into 
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an inshore and offshore branch south of 49°N, The inshore branch 
Eiovws south Ehrowgh “Une Avatom “Gunannel -whthe thea- offshore oranch 
follows the eastern edge of the Grand Banks. Although the offshore 
DrANGH US,’ genesally imore important, “ thers care mMma,or, (seasonal sand 
anual Variatilouws. In tie, importance: or stive two. branches” One: locally 
gignifieant variation inesthe annual: toebers flux “1s “hey movement oo: 
teaeperze) Inte the Gare Of MScts  Layrence throuch the Strare of Serle 
Posie. ATphougeh ‘tis’ face “for tervertos “to “enter Jee. Gull? ime pany 
Significant numbers there-.is evidence to Jindicate that as many ae, L000 
beebergs have entered -the Gulf duping a single year (international Lee 


Patrote. 19 02°). 


Data on the Spatial pattern tol tcebere: distributiouras avaulap ie 
from the following sources: Trofimenkofft (1978); Gustajtis and Bucktiey 


(41977): and Markham (1980). 


Estimates of iceberg distribution and flux are based on two main 
data sources. For the Grand Banks area, flux estimates are normally 
based.on ship and aircrafe sightines compilediby the Interaatitonal tce 
Patrol) “LIPh Jower’ ithe lestues@ avears. “For, areas. worties ae S07 iN. 
estimates are, normally based on data” from a serie@ of special flights 
Carried; out. by the 2t1? during the 960s and) 70 4. The manor tec 
these northern flights were carried out during the months of- December 
through March with only occasional flights outside. this period. Duc ico 
the problems associated with sighting small targets from aircraft and 
ships (see Chapter 5) both data sets underestimate the population of 


small icebergs ,“betey bits.) and ‘especially <¢rowl ers. 


The mean annual iceberg flux across each degree of, Lbatdcude frog 
AO°wN £6 67°N fs. presented in Figure 9§2.22 ‘Thtse figure tacliwoee 
estimates from several different sources. The estimate by Anderson 
C1971) is based on LIP data ‘from. the years 1963 to 12969". This peri. 
had a lower then normal average flux acrose 43 °N whieh accounts fon 
the difference between this estimate and that of Blenkarn and Knapp 


(1968). The two remaining curves are attempts to update Anderson's 
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information “with more recent data. This figure clearlyqdemonstrates 
the degree of uncertainty. in “ieeberg flux estimates for | Latitudes 
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Analysis of (ihe seasonal variation in iceberps’ Flux iCRigure 23) 
indicates that the maximum normally occurs in April and May on the 
Cuenargsanke, In May )otli Labrador land ane July in. Battin osay. one 
Minimum flux occurs in October, November and December in all areas. 
Analysis of data @for the Grand Banks indicates that the peak flus can 
GGEUr 8S Caray aseMarch or as late as April. The annual Varaatiione in 
iceberg flux across 48°N have been documented by the TIP since the 
late 1800's.” These. estatistics are presented in Figure 2.4.) The most 
Significant “aspect of ‘fhe annual, Flux Ws “ts extreme fvarieapnd rey 
ranging tromy.0 tt crester than 1500.) It Ys evident that there a3 
considerable@variatuon ini the ‘pattern, ‘imine “and intensity oof tie 


leebere flux ethrouctm the study area. 
te Senge Dimensions and Mass 


The dimensions ’and mass, of an’ iceberg will have a direct Gmpace 


(a) the abiliey to! detect che*#icebers"either visually or with radar 
Cy) the strategy that can be used tojydeflect the ficeber sg: 
ey the response of the icébere to various environmental forces, and; 


(d) the impact that the iceberg will have on an offshore platform. 


The bulk of the available iceberse observations, including mosey on 
those from the d22EP, do "mot provide  religbie estimates’ ~of Steever 
dimensions $ut simply classify icebergs -into ‘one “of “stxs senza 
catagories (Usee Table> 220). The principal source of daca ne anes 
dimensions off the east coast are the observations made by oil 
companies Lie Support ..O4 their offshore drilling programs. 7 These 
observations are normally carried out in the vicinity of wellsites but 


some measurement “programs “ttave “been Carried “cur "in "other areas t6 


F io 
‘ic. » iw F 
ee BO YR , ate 
a 7 
7 ; 
, ss ; 7 lua 
ar M3 F i 
{ 
= 
rw ms ' 
‘ veeet 4 4 
I yk 
“ 
5 a i? ed 5 at 4 F, a) 
' 
} | 
id TILG 5 TAS c 
Ss 
' 
ne +4 - 5 
k 
: : : 
2? t “ ' » "Wal 
y ‘ tt i : 
i 
? : “a 
| } ‘ * 
os 
ins 
/ 
i 
rg 
vr 
we 
| 
rit 
¢ 
’ r 
2 
oye 
\ 
A 
-fl ks 
» a #) 
' 
é 
' 
i 
} 
- 


. 


7 : ; 7 ~ : ¢ 

AP OHON ene APs 3 10, 1. onal pa 

feO tt - ame yr a a wit wae. i; 
‘ a 


a © x ag} i See 


bh 


ery : 


if 
| e A. 4 in : i wes aie A ye a 7 
ft \eeagrs a WaT Ae bal ia), eS | 
‘1 ] : = 
vi ; : & a : Uae ; =i 
; . ¢ a Pe -) Se Sa ies 
. TAP, - ey rt so Rw sas » 'a ee ar”. 
- iis «1 enr ie ve t oft 
i mM Jay ' q ae (= a | 
so Bb. PRED AV ER Vee ete owas eoent zeit 9 aw 
- ; or i " Za ay 
— ° mi « 7 os . 7 
ot So a Se om Leas { pits. S398 ? 
7 
ma 
“ > an, > — 
A Moy a & Sond eee v6 : sé ete 
i. ; 
i? * . aa) 
aa@ J Kt me . * } Ae f tiny i ; » 7 - ) » a ‘Pay 
? 4 - 
‘ome wis cS oy & - 8 a n if re 
ret mh 
f pes a a0 
; oun roe ] be me 
, ; ; c ) were 
$ zt ry 7 - = Lee 
d a ee a. a2 ry 3g £2 en S| 
« q bn, of 
gd 1 : f gOS NS 
1 ; 
4 
ane ane ae Of SAO eh Bi 
ea i ' if i 
Pe ; 
if 
ve : > on * DY oft unl i & ~ 
f | Bu e FT eas r id 
Wa , 
oh i ; ry rau! ; 
-~— oa ; ‘ I 3 
i : J : r 
aka : vin 
7 = » y , A aa ee ——-. Pi 
’ - J rn 2 7a Oy vii qj 
ve ae 
. ! y ap y " ‘ 7 ry oe 
, ; : ae Oa vit, ie BS. 204) 4OR-o8 7 7e Of 
‘i . a 2 : 
t He ton tw iy i By\. 
ie 40 + i 
i 75.) mals ee Pay SEO) | a 
7 vt ' 


r , oe Ww coe oe wee oF mrt 3 a 
\ 3 
ar én Pil Ce) 
ie acy 
ay 


Poi peva an. 


iw. 


ae 


SOnAtIeT- Aq KnIs BbteqscT TenUue ureH we AM 


(No) sAsAMR LE he 


=) | = 


O86! “Pl ‘pppulD 110 1199W ——— 

g96| ddouy puod uspyuajg = -—-—- 
126] uossepuy 

Og6| 1D }8 sekowseqqq 3 ......... 


SHuaqao| fo xn}J4 


A PN Sy gi oe o Ma ena a y 
ae oe 7 i) ve jaeak ry sb ‘- / » Uae 7 
Lat le ata panne ayy nent ditt ae i srveimngappenn ea cnte x 4) ne 7 
a as gai AR ; a 
; 4 ; ’ Wok 


fdit Swwo> “Sio7g Pure, siizodey diI Tenwuy 4ITKM peqepdn’ £/6T -usyorey) 
€861 ‘burads 02 006T WOTF N Bb OpNaTaeT Hurssoz9 shreqeaor yo zequnN "7% aUNDIA 


cei DES cm 


IS980 


iS 


O 
Ww) 
O) 


I960 
I940 


IDa) 


‘19:30 


I920 


ISO 


1900 


OOOI 


OOG| 


}O JaquN 


$649q 99) 


: H 
qi Z 
e .— Hi | 
| o% } 7 
Hy 2 
: *} +i 3 
ete 
g- | 
; le — 
a” ~. 
: 
i 
Re 


“f= 


collect base Pine Sdatale Due toa number "Or freagens , the “data” 1s O8ten 
biased towards the larger icebergs and does not accurately represent 
tive population "ot o¢rowlers and .wbergy bits. To "reflect “this backhoe 
data for small icébérgs most ‘statistical ‘Summaries are limited to 


icebergs larger than 1000 tonnes. 


The method normally used to measure the above water dimensions of 
amyneebetre “settowirge Caeser mant to measure anghes in “Conjunction with 
ranges obtained “from radar. vor Pa rvisualy Tange: Wfrnderc. the emace. otecene 
Leebergi@can lehen Chevte stttiimated® asdne” *formulsae- @whrel ‘Gake-.wreo 
considerdatvon® the®*dimensions Mand’ shape) Ot “the Veeberes “or Oby Tmore 
detailed photographic “methods. In “Some casés stereoscopve Servet 
photography has been wsed' "to estimate wcebero mass. Leebere «drare oe 
normally measured using a side scan sonar or estimated based on the 


density of ice and the icebergs above water geometry. 


Tape S22 3% 
leebers Size ‘Categories 


(Murray, 1968) 


ities 


Lype Height Length Approx. Mags 
(metres) (metres) (tonnes) 

Growler 1 6 200 

Bergy Bit io 6-20 200 =" 7008 

saan) Weber: pate Peas: 7000-200,900 

Medium Iceberg 1S 45 olF Age 2005000 *= 92 eo 

Large Iceberg ao 7 wy 2 il ey 


Very Large 7o+ 214+ 


ee eae ae ae ae a ea ea a ea eae ae eae aaa aaa aca ae ewer caer crs aware ace ae aera 
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The frequency distribution of icebergs! ‘mass! for different regione 


Ls presented im Figure 2.5. The dara’ can be summarized? as follows? 


(a) The curves for the norwthern coast) of (west Greenland? is aneluded 


Since this is he source area forsmanymeast ‘coast icebergs; 


(ob) The datagtor Battin Way/ Daves Strait’ is! for )a)single weapoand 


should, be, “ugede wath caution: 


(res) The Labrador curve —stbould*™be. tite most reliable, <oimec Le we etased 


on a large data ‘sets from, a®numberwor sites and over: a number) of pyieara, 


(Cd) The “curve. Lore thesinortite as Gf pare of the Newfoundland snelrcms 


based on thnee: years: Of “datapy allmofSwhich were severe! Loe. years; 


(e) There are no summariés of ‘iceberg mass based on measured data 
the Grand Banks, therefone two estimated curves formithnze 
area are included. The curve developed by*Hotzel and Miller (1983) is 


estimated from measurements of iceberg water line cross-sectional area 


Carried out by the International bée"Parrol (19767. 


Cf) --There ace’ nel date avaiable Lorvthe Scotian Shelf and JCugan ae aoe, 
Lawrence aréas, Analysis’ of the frequency distribution for these tareas 


is hampered by the infrequent occurrence of icebergs. 


The curves’ presenteds in’ Figure (2475) only |represent icebergs (aan 
Mass greater tian -1000 tonnes.) Statisttes on. theiptrequeneyuae 
‘icebergs’ smaller than this size are extremely limited.. (nm Ggenerar 
the review of the literature indicates that very. littTejas )tnawns of 
the frequency and distribution of growlers and bergy bits. Due to the 
problems of jidentifying. these small targets either visually of. wLeh 
radar they are under represented in almost all data) s@tss Udita) trom 
drilling “sites indicate that growlers. are frequently mot jabserved even 
when they are closer than 10 km, and they are not always included in 


the statistics when they are observed. 
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The data set for most regions is not sufficient to identify 
annual variations in the size and mass distributions but there are 
indications that the frequency of larger icebergs is higher in heavy 
iceberg years. This is not Surprising since heavy iceberg years are 
normally heavy pack ice years which would tend to reduce the decay of 
icebergs and therefore increase the mean size. This effect would be 


most strongly felt near the southern limits of iceberg distribution. 


The, concept of (the maxamuam “credible size of icebemoauas vomten 
discussed in the literature but récent work of (the Newtound land. aad 
Labrador Petroleum Directorare (1983) “andicates that. tnwem mays pom oe 
an important design factor. The maximum credible iceberg has a very 
low probability of occurrence, even lower probability of impacting a 
structure vand practically mo “peobability of? doing soo Wartumany 
considerable speed. If the probability of impact is held constant the 
maximum energy level is associated not with the maximum credible 
iceberg but with a much smaller iceberg travelling sat Hieher me ocedse 
mum credible iceberg is further reduced by the 
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higher probability that it would be detected and tracked. 


The available curves on the frequency distribution of iceberg 


length, and idraft, are presented ingriecwres 2.60 and (Woo Ginere gis meas 


published data available for these parameters than for iceberg mass, 


although the raw data ‘must exist. .-Iceberg length is an importante 
factor in iceberg detect ironand is required to ~claiiieutatcumtua 
probability of .impact.clecebere draft measurements are Needed) bo 
calculate, the grounding depthgseot different size? teeberacun 1am 
important, to note thatvettie iceberg draft distribution, Ws. ime 


the water depth. 
7 Ae ae) Iceberg Drift Speeds 


The speed of an iceberg is governed by a number of farfore 6b ee 
the wind and current’ velocities are normally dominant for large 
icebergs. Since wind and especially current conditions can vary 
considerably over short distances, significant variations in iceberg 


velocity Can oCenr over “distances bess: Eham kn 
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Date, poollected-soffaSagdek, sLabradot. sndioat ec sthatrxfiniom the: acioagg line 
out to about 16 km the icebergs: moved in a southerly direction at 
Speeds, of gapiprmoximately <04.30 atone 0535 Bi) wh Yl es .fairtineir, o.f-f shoes. et ee 
icebergs: daiftedhdan: «a (cénfusedy manner P(AbLeny«1972). In most cases 


these variations are caused by differences in the current regime. 


WWieregcebergs sipecds lt distirdbut tongpfisar aSeespectiitepsi te] Ganiabe 
Caleowhlated.eilther. through th eeanal visu sy toms -ayalange datal ceite cote ul Ce her eS 
tCnacikesa foranthetegszte, .Of by “wsine detag setsesot fwignd) sand deur em 
COMDEEI ON Sie ite Gon junc Blom. Beth “a_enelsuabletaceberct diafteumode ato 
pred cr pthe pgucebergoes pees idiste ibut ian. sbhe » firstesanprc ache woul” 
require several years of data covering the entire operating season to 
define ;mean conditions,,..and .an,.even: larger data set. to. .adequately 
define extreme conditions. Since.there are few sites in the study! area 
where thisgdtype of» data] isyyaveaidablesethae approach) adisy not (gene malady 
applawcable|.~eThe Slatterwapproach rnequires;s reliable éstimates-of wind 
ands courmenitercoinditaots cand a iptovensgaeebernse diritti model selato mbinaheny 
relwabdbe ,current statistyhes mrespaviaidable whcu ye! esis: wot esr ethane acebers 


S th alte sithincusy. 


THe, -aVea lel abilienpd a a ,0n .hQjebeteaudrift speeds for the study area as 
summarized in Table 2.2. This table “incorporates data from) a.numnyer os 
sourcesrwhichswere,.obtanned jand tanalyzed oincaqvearviiety, of«ewayse (Not gad 
of the svaduése presgénted« in’ 3th1$.s shader are. edirecthy .comnparabiieLd ator 
example, data obtained: from satellites may represent average. drift 
speeds «over daperbod.,of 1 tali2? hounspevwhide (radact reports s«tmpm 4 
drpili lrigemaygarepresent draufterspeedswraveraged! over | petidcds #ofm@iltees 
Etidm. . one hour. This is important Since, wenerally “spestane 2 o 
averaged over longer time Be tak will indicate lower maximum speeds. 


This efifects der demonetratediinyr vorKkebyeBaldeet tahbheCh9Siitr 


The ,icgeberg? drift s6itatisticemormally fusedrians desten btudnes ie 
the percent exceedence curve. However, few of the reports listed in 
Table, 2.2% Ipwesent ithe IdatachnuuthisicofoarmanstiThey stetastias seananailly 
quotied tin] these) studies arerthewaverage “speed amdrthe maximum observed 
speed. Depending on the study, the average drift speed quoted may be 


the mean, median or modal speed. In some of the cases presented in 
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Taber 2.25 the average. Speedy inepresentsanan,) average: speed tition Rone 
Lceberg, or 42 eroup: Jof! icebergs over ay period “of several Ways. cine 
nmaximum drift speeds: presented Jin. Table (12.2) generally represen = iene 


highest speed recorded from a number of observations. 


The, data preséntied “aun Table 2tacant be sanmari zed as follows: 
for sites not in the main ‘current’ streamy average iceberg drift speeds 
tang) Grom 1 flO m= S625 nor while in high current environments average 
values can approach .59 ce Teinwould: appear) from) ther aacs) wat 
maximum. driit speeds of 25 mye are Sosstble, incall resiong. Apenouen 
the data base is ‘not sufficient to adequately define Low probability 
events it tseems, Iikel vi thate-shogt) duration dragcms peedes ore aeck 
and daily! average speeds approaching eld ms cam (occur dn Then 
current environments under severe storm conditions. These conclusions 
are based on several recorded cases of iceberg drift speeds 
approaching, 1.5 mea with wind speeds under gale force (Marex,, e777; 
International Ice Patrol, 1980) and one recorded case of an iceberg 
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storm conditions 
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averaging 
(International Ice Patrol, 1960). Conclusions regarding drift speeds 
during severe storm conditions must be speculative since there are few 


observations under these conditions. 


The previous discussion has not presented separate drift speed 
estimates for different size icebergss The Wiitérature is Wivided on 
the questlon#of® the effetcroot Bcebere ssive conedmite ates a Ligele 
quantative data presently exist on expected instantaneous speeds of 


small icebergs such as growlers in waves, and no field data exe ty vat 


oa is ee 

At present design criteria for maximum iceberg drift speeds have 
only beens proposed) fore tie Hibernia development. A maximum iceberg 
driet - eneed. oF 10 ms is .proposed for this ‘ameagioyy Gotu tue 


Newfoundland and Labrador Petroleum Directorate and Mobul Div (Canada 
Ltd. (Melntyre,- 1981)... Although mo probability -level 1s ass eqediacs 


rhis walue other statistics \quoted indicate that tt cepres sn sa on. 


term maximum. 
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Although no design criteria have been proposed for Labrador a value of 
O10 Tos, is qudtied) jferimaxinum Gteberes drvttilepéed ein the Offshore 
Labrador Initial Environmental Assessment (Petro-Canada, 1982). Both 
of the above. values needi ite te reasseseed in Light “of pthe data a 


Dabs sho2e. 


The previous disctasion has focueeds on ethe icebergr driit Uspeed, 
buty the die eet i onwmoti<+d mitht Bisman <q ually? impompant) facwom. tAnaliysicyeot 
da tau col leetieds .-atecd ry lleeeesuatieis it pthew» Labradors -Sea-+OMarex-ebods, 
1971-77; MacLaren Marex Ltd.) has demonstrated that although there is 
normally a predominant edrift) direction gy icebergs ican damit unease 
directions. This is an important factor to consider when designing 
Leeper? Impact pkobabilery nodeleW(Trofuméenkoftft, 1973, and Reddy, 326 
ales, 1982), however, several of the existing models do, noke take this 


bnoboO. Conustae nat rou: 


Php ee gs Deterioration 


Lcebergs decay due to melting above and below the waterline, and 
dive \t.onecawvaine. Thestcalving of an icebergs increases ‘the rate oF 
melting due to an increase in the surface area on which melting can 
oc CWE Melting of an iceberg in open water generally proceeds most 
rapidly at the waterline due to the effect of wave action. Icebergs 
trapped in sea ice deteriorate slowly since they are protected from 
wave action and are floating in waters with temperatures below their 


melting point. 


The International Ice Patrol has studied the decay of bergs for 


many years and has developed the deterioration times presented in 
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Deterioration thiimel dink Days) Rorseibeebengs 


(International Ice Patrol, 1976) 
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Surface Small Berg Medium Berg Large Berg 
Sea Water Underolin High 16-45m High Over 46m+ High 
Temperature Under 66m Long on ea 2m tno Over 123m+ Long 
pat 9 17 38 
4° 6 11 23 
cee 4 8 16 
are 3 6 es 
10°76 3 6 14 
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For tabular icebergs thé *heighl |\bimitis® are: 6m 6-bsmeand overvioim. 
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The mechanical properties of iceberg ice are directly related to 
its gilwedal sori gine There ave tv aFAOhe® types f¥hdaetint ae glatveretinat 
can “be Odi ffetentiated thy airs bubbler content, mudi ue debras content, 
arid “by “ehéPtorm, strze and exryetal lorraph ic ror Mentat 1pne ofA he graime. 
The white appearance of most iceberg ‘ice is due to’ the scattering, of 
sunlight by air bubbles entrapped in the ice during the Crane. con 
from snéw “Co Vick’ ftwhi le’ iceberg: ite Awitheut ‘avr "up bve's, whitch Stade *a 
biue colour! *is’ the *restit of welt water refre@zing in’ cracks \tnethe 


oe haerer. 


During the transformation from snow to glacial ice entrapped air 
is gradually isolated into individual bubbles. These bubbles typically 
have dimensions. -of the: order of a afew entas of oe millimeter and 
frequencies in the ordemedofllaltfewse hundreds cpemitubic centimetres® Tire 
bibbles Bre SWewal lic roands*or ielag pSoidalss citen with considerable 


elidngatabnl (DGe Ptoeche tdarge hydrostatic pressure accompanying the 
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formation of glacial ice,, the ,entrapped air is under compression. ee 
is evident. as *melting. icebergs ace. has; 4n effervescent appearance due 


bo. the exploding ebub bt 4c. 


The effect of air bubbles on the mechanical properties of ice has 
not been experimentally investigated in any comprehensive way. 
Properties such as Young's Modulus shoulddsahow, deeliaing .veluesiwut uo 
increasing ice porosity. Bubbles may helupinitiateyouaaks in ice under 
hien 6tresseor inhiore /tire propagation of existing cracks by reducing 
stress Coucentrets of At Han mmOPpasat ime erack ubipe ponees Lat terme sou 
probably accounts, partly for the apparent higher strength Of iceberg 


ice in uniaxial compression as compared ,to lower porosity lake ice. 


Very Little experimental data on the strength of iceberg ice is 
available wan the wpubl legs terarare. In 1982 Ice Engineering Ltd. 
carcieds cut unmawmialestrenet hy test's Storie Newfoundland and Labrador 


Petroleum Directorate (1982 on iceberg ice obtained from icebergs 


a) 
grounded around the Newfoundland Coast. In conjunction with these 
tests, samples of ice obtained from a pond near St. John's were also 
tested. The results, of. these, tests, are summarized . ani beable alae 
Several significant differences between rhe mechanical . properties 96 
lake ice and iceberg ice are indicated. Young's modulus for lake ice 
fseeabour wh? ta shbehe nash an. othe corresponding value for iceberg ice. 
However, bubbles in the iceberg ice reduce the effeqgtuiye 
Beoass-sectional area by 243% which on tbo rm could. account gore Deas 


reduction in Young's modulus compared to that for bubble ‘free ice. 


The mean stress at which the iceberg ice samples failed exceeds 
the mean failure stress for Khe lake ice samples by 35%. Lake ice 
samples underwent less deformation at a given load, but tended to fail 
at an earlier point on the load curve. Quantitatively this indicates 
that iceberg. ice is more deformable, yet fracture resistant, while 


the lake ice behaviour 13 more DELCELe. 


This study concluded that bubbles present in iceberg Lee are 
likely the major factor inhibiting fracture propagation. Microcracks, 


arising from stress woneenkeat (ous, ab soryetal. cuain boundaries, 
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bUbDLeS OF Ppre-existine imterns| Commas iercsntproparate only so Lone as 
stress concentration “at "the Veading “tip exteeus “the "strength of fhe 
WWictemsupbles, by Stromal yismodseiwine the stress f1ieldera noe hemi 
immédiate neighbourhood, "coula diffuse “the: concentration of “elastic 
energy at the leading tip and thereby inhibit further development of 
tire-crack S**se tore weneralizations regarding the strength of aceber: 
lee can be) stated ‘with cerntiainty, the effectsgsof initternal fimackisy, 


bubbles and crystal grain structure must all be analysed. 


Me tool. Mobily Oat uGanade «Ltd.) “GPSS lti sampled >five: difiterent 
tcebperes (along athe morthertaatip ofss Newfoundland neargssct.. Anerony. 
Twenty-three uniaxial compressive tests at temperatures from =1.0 Cee 
-3.5°C and a strain rate of wi per second gavenyan average 
Compressive strength of 2.33 meszapastals (MPa) with a standard 
fey aacaon OF P-L. o8. (MPa. From borehole jack tests confined compressive 
Stremewhs .at depths .6& 0.5,.992 0, Lada and 2).5 “w® were «respechrwelys 


ees 0. 830.4, and) 30.4 Mba foremavstep fLomction load Cetraine pated 


around on per second). 


Q@ther wuntaxial compression tests have’ been carried aut by Dr. 


Rroctiasamy pand Dr. “Swamidas  2t the maculty of 


Engineering, Memorial 
Univemssty CArockiasamy €t cal., 19383). Pable (2.5 shows Sten evetage 
streneths of iceberg ice they obtained from uniaxial. compression tests 


at various strain rates. The results give a maximum strength of 7.44 
3 


MPa at a strain rate of 10 per second. For a step “function 16ac 
; =} : ; 
fetraan nares). around 0 per second) the strength increases a little 
apove. that civen for. i) per second. There. 2s a consideragie 


: ; fe) fe) 
pedeetion im etrength at -2 °C compared to thar at -3°G. 


¥ 


* 6; 


adage: 


ae 
a 


ST ae 
TABLE 2.4 
Summary Statistics For 


Uniaxial Compression Tests 
(Newfoundland and Labrador Petroleum Directorate (1982a) ) 


eS en ae i ED RE, a a ES dS a ee ee Eh OE i es A 5 eo a 2 BE A 
Parameter Pond ice samples Berg ice samples 
(number of specimens = 13) (number of specimens = 11) 
mean min. max. Boe ey. mean ale is he max. std. dev. 


See ee ee ee ee ee eee 


Data from direct measurements: 


length SOS Tab 156 as 
(mm) 


temperature -4.0 se) = Lee 
(aeqs iC) 

strain rate l.US2 siao i ieg = Bs {276 Lod (L259 

(ppt/sec) 


Young's iene. 3.94 9.64 1.476 
modulus 
(GPa) 
time to eo eee) 43 ALS Bo eiyreab ie Bi igkhe Loos 
failure . 
(sec) 


stress at 3.954 DadZ On he .963 
failure 
(MPa) 


strain at .004 .42 .93 eS 
failure 


(ppt) 
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In 1983 NORDCO, under contract with Newfoundland and Labrador 
Petroleum Directorate (1983c), obtained iceberg ice from a bergy bit 
grounded in Tor Bay, Newfoundland. Cylinders 0.68 m in diameter and 
0. 25° m “ded pitwere icut sfromethiis ioe for: impact. testing. The) icegdisk 
waslicon€inéednaléng thal cylinder» axis bywian aluminum ging\ywhile an 


indentor weighing 509.3 kg was dropped onto the flat face of the disk. 


1 


The tests were conducted at impact speeds of 1.7 WS Apacs two wets 


ae th In ally cases’ radial’ cracks were formed but these extended fo 
the confining ring only in the high speed tests. Also, ice was ejected 
from the sample only during the high speed tests. The final shape of 
the crater appeared to conform to that of the indentor and a low rim 
fir tewshed® ices wasitiaumed= around iuthel ycratertaglt was noted, tract 
fFolWowine@veact ' testy ithe cratersisveney abiout. salt filled with water 


which formed during impact. 


Tinh ada Caos tobe th esies! eegalit sie! Taber 26). 2ivessuvre coltieenot 
indentation strength tests carried out by Dr. Arockiasamy and Dr. 
Swamidas at the Faculty of Engineering Memorial University. t was 


found that the indentation strength increases up to a strain rate of 


2 
10 per second and then decreases”. 


From the same FENCO work of 1981 carried out for Mobil Oil Canada 
Erd. (19812)... “fitteen beam bending test at temperatures from a Ow to 
ae gave an average flexural strength of 1.34 megapascals (MP a Jing witb 
a istandardvdeviat non hof (O¢U4 [MPa Fives beam tests at .temperatures 
Prom assuhtGr td, -deweic gave\dan |averagey flexural, ,strengit wot» lad lewMPa 


with a standard deviation of 9.06 MPa. 


The accuracy of analytical models depends on the quali tay ows sata 
available on iceberg mechanical properties. However, the mechanical 
properties themselves depend on the nature of. othe, stress) during pone 
Miritie Cari’ our This stress behavior must be represented in the 
mechanical property testing procedures and equipment. Whereas testing 
the properties of the ice in the field and laboratory can define the 
nature of the relationships. between, strength, temperature, air 
gdntentheretc echargeriscalen§ te sieing, lay requined,ato determine the 


failure, stress and fracture behavior of ice masses as a whole. 
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2 ea) HEE Oslo Vat Om Drilling Operations in the Presences of Icebergs 


ExXpilomatoryadtillinge for sarl sA4ndawasonimciceber® Mn hested \watrems 


5 arte cgons Junerho>li vii be whem eahetdrillship, Typhoon, ‘arrived at 
sive Off “the Labrador coast) “Only ‘four days later the Tyonoon “was 
Lorced)ytor move offeisite nto avoOidean wUceberg,: Apart from the typhoon 


and the Zapata Ugland in 1976, all subsequent drilling programs used 
dynamrcally-positioned draiidlshipsison theeLabradonm «coast «uddringethts 
permuod.,ano e@seriouse accidents involving p¥ceberes Havenibeen ereport eds 
This) Macks ots incidents: ys sdues tol fay numbers of factors. 4 4Onece f ethermogt 
impor Hantadasd’ the siabisls thin of Adynamicallhy-posivtwoned (Arai) ships uaito 
quvakly) snovepyofit; .aasite) ify ang i iqebe re. a si eapproach ine. A second 
important factor is the development of iceberg management procedures 
such ase towing, and prop-washaneg. Ifeatewereanot rid, thege -protedures 
the number of cases where the vessel is forced to move might preclude 
dpulling 4fo4 (econ omiue ere asions ; Thendtaoa l! che cinomi o1 nivied weds enekates? to 
the bimutatgions Offs dymamacally-positivomed dri tishi ps. These vessels 
Cannot seperate yin Seainee ecdoonditiongi or duringndevere Seas statasmands 
theretore;edriliinge 419} rest rie¢ted «toebhe «summer months, ands thes eariy 
Fables | Dumune gthis peniod.seaest abes.anebksuch gahat Leebengs gare, ecaaies 


to detect and manage. 


Offshore, tdriddingepon Shhero-sGubheisn Grehd) Banker sevolvedi salmaga 
dtifieremtwtasttiiom”tawthat eefts Labradoren tiny thas? are ay fewetocteberts 
were encountered, weather conditions were more severe and water depths 
were shallower. Under these conditions anchored semi-~submersible 
duuubing | oplattormsudwene Lore terr ed, Drfilingl ton ethé= Grahdes Banks 
stopped *inemehetnid 9 70'er ius ®resumed! again in 1979. When drviteneg 
resumed, Lt was- further “northeast and” °° in” a “more “severe os 
environment. Durie tthe rc finsity tthreeoyears tof inasumed tdini 1 bime som et he 
Grand Banks (1979-81) few problems were experienced, since this period 
hadiibess Esevere*thanrmnermaklice conditions. saHowevers durinesleb2 and 
1983 iceberg conditions on the Grand Banks were more severe, with 1983 
being a near record year. During both years problems were experienced 
with Scebereso land "during .1963\ dpubte wastcexpreasgedh mtercurdince ete 


feasibility of "Winter? drilling ont the Grand sBanks' «(Newfoundland tjand 
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Labrador Petroleum Wirrectorate. 19836): The pain ’area* or concern wae 
Enat anchored” semi—subwersi> le drvl Tine plattorms require” such “a Done 
Porto of Cine cor surely drsecondect) " Thvs™can "be -s Drobtem’ tn a, seem 
Situation, when the warning period may (on occasion) be very short and 


management of the iceberg impossible. 


OV EOP Chew rears ores ot rehoresindust ry “has tevolvied po lic meas, 
ProcedurTess@eand tequrpient. “or copie wWLenh @nazgaradous fice; More 
recently)" *neguratory sacencwes *Have developed general euidelines! fo 
required” equipment “and “procédures to" =protecn "driliine stations. from 
vee YWazards. “but (these ‘cenerally conform fo the industry etandarda. 
The* Canada Ol sand Gas*iands Adminvstration »CCOCLA)* 90098395) Wocumenc 
Vey srved.  SnvViTroumentar GuLdelvenes far Dri) Ping wet ee same diet 
OFT shore Wits Wan kexianpl e%. ladwstryMtpractiice’s § are **hard shdownsera 
documents produced *by™ "each e%operator “generally “reverred=) tosses 
Contingency Plans. The *PRans®eover the gamut of all possible marine 
and/or drilling hazards and emergencies including ice encroachment on 


Pom . Trey erect ry" of wan rsd Slow eared 


cr 


a Si e8* and vere: "Sgeere 
respons powlicy,  detitve *"alarm*’’conditions'y* anid Tay’ down recoumerded 
OToceuuredg = sand. 2c 1ons to manage and eliminate the threat. 
Contingency Plans are “requimmed Yo *be" submitted by “all operators toe ane 
regulatinee4dGnnorteLes as part “or the drilling perTmst appl teat Lous seine 
Mobil OT Canada “Ltd. document ~ Mobil Oftshoré; Contingency, -lan. Vo. ume 
17h PURO ay Cand *"cwe * Petro-Canada’ CTISS)" Pens tWor]e * “ie bree oe 
Contingency Plan" being examples ‘presently “on file ‘with COGLA. The 
Puiterim” Standards” *for *Desten”’ construction “anu operation “or *Mourre 
OFPSHOreyvOrYEYVine Units (MO0U' s) “lesiied *reécentl y “by “Ené* Canad tan@eoace 
Guard” (199394 *iuecltude “2° list of) points MP arr “XIV) © te Der taddtes qa «en 
the development of an operations manual. 

The ‘develonoment iprocedwres for “drilling in. thes presence ic 
floating: tee, particularly icebergs, ‘has resulted in (the \¢reatit ome 
unique field of operational support known as Iceberg Management. Ice 
Management -€covering floating ice in? gene@ral)® canbe defined § as The 
co-ordinated use of certain equipment, procedures, and personnel with 
che "single ‘ob jective “oti Wininmizing the effects Of the presence \eFetce 


On APribline ’Statisn* operations? Tle is considered axiomatic that drive 
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Station management wants to maximize productive operations which can 
continue onlypasce lonellas tebe Soatetyeoffthesvetation and ats pensonnel 


and good drilling practice are not compromised by the presence of ice. 


THe Libasic: elementisa offtandiice Management» esystems which can ide 
implemented.at a local or regional scale are: 

= detection capability 

= uniform surveillance and measurement procedures 

= drwitesovecasting capabai let y 


= Capabuliey fore control limes acebere trayectorie st: 


ind aetlorcad Acelimanagement systemmither key" individual isi the ice 
Observetewho wis rom dutyechtel bOtimesaetThis person) who reports Cor Pie 
drilirnefanit wWenagement’*(mariné and) “drilting), “is responsible “for 
detechiows’ survéphlancej#measurement} and drift prediction” of, alt ice 


t{nephe viet natty! ofl the Sdir itsle viessed . 


The eprindmy tdetectionl tego #istimarine® radar on the; deri! Swesset 


itself, supplemented with radar and visual observations from other 
resources, usually patrol/standby boats and sometimes aircraft, which 
have ‘een @rilaced Gite thetrdisposale Mot iehe Yooserver™ Abthotgh  Sitce 


detection sisi aqoveredirimadetaik elsewhere dnethis’ report pitas) twa thin 
context here to state that the commercially available marine radar 
setise presenthysin uSe—e eres not koptimazedie for tdetectiron Pot oes sual l 
Pisgestiofilicebere kee? bedngymervyadiitimeulepcargetisy, Theses veny oft an 
lookebtke seaaconm rain telvutter ponecthe! radar. displ aymend tant teas iuby eee 
completely smothered by wave clutter even in moderate sea states. 
Becauge ofmbhis détectionedifficubty,) coupled wrth the fact that small 
Pee mEDE KDos reas atit’a mn much higher speeds than larger icebergs, 
observers are particularly alert to the possibility that they may be 


present. 


Once detected, ice must be monitored at regular intervals. A key 
fie -trererl i168 tham sof tevetaating “the Devedosof® theo Dhreat ‘as’ tne 
monitoring proceeds. It is this evaluation which determines whether 
or not collision avoidance procedures are invoked and at what level. 


The input factors are as follows: 
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Seubneed Stance. ofythe “ice, trom therstation 

Drift speed and direction 

; Safe stand-down time 

Collision avoidance constraints (weather, sea state) 


Forecast drift of the ice 


Oro ow wo! eH 


Iceberg draft (with respect to wellhead damage potential) 


Theyeaprocedure. for gassigning “level. of “threat 1s) based) On, =a 
Contizuratron we Meoncentricey albert zones centred. on. the drill Line 
Vessel pume typical “examol en is .ociven win Table 2.7. The. (zone, "radian 
depend om the drift. speeds) of ,iceberes.as measured. oF estimated, and 
the time required to secure operations safely. A key element in this 
procedure is an effective ice drift prediction Ca Dia Deed toe Dedicated 
computers on board have at this time become standard equipment in 
local wee vcontroal. As ice moves into zones of progressively higher 
a1 epEe Sia tiichuspeci fic pactioissare sinvoked. tie deflection of icebergs 


away from the site, or preparations to secure the well and move the 


’ 


rig in thercase of nonzdeflectabloe 1cebergs vor encroaching pack ice. 


The aim of the operator's regional management program is to 
provide advanced warning that ice may enter the local management zone 
and it is practiced in much the same way as local management 
described above. There are, however, some important differences. On 
thetelocabescale. most. vaf.thes required,-input. data) ts jobtained by the 
abserver on the rie for his immediate suse. The, regional surveillance 
area is much larger and data on ice movement must be obtaLlneds tromea 
Lance emunbes. of, sources including. coveroment agencies; dedicated 
operator sponsored surveillance, and sources of opportunity. The data 
are of mon=uniform “quality and are available at) trregular time 
Pneerv als: Regional forecasting is usually performed at a shore based 
feculity with ‘the “resources tol.acceiss and evaluate sare Tr savas 


However, key decisions concerning ice avoidance are made by rig 


management on site using the regional forecast as guidance. 


i 


oS 


ia Dives wow, vi. 


byouenl wceberc, alert. zones (form iMrilbling operations. off Labrador 
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L jpy Detect ons nominal Si lem 


Realistic 30 km 


COGLA radar range (min. 40 km) 
2) Disconnect zone: 1 km 
3). Red: (Zone : inner edge = 1 km 

outer iedeen=eere aber ot Ca) comeGd) 


aletiitmer Qexvhourly speed) ofsfactese bare 
b) 1 km + (number of hours to secure weli) 


x hourly speed of fastest berg. 


Aves Wel hosh eZ one: inner edge s= Outen ‘edge of Red .zone 
Outernmsedge = greater of (a) or (b) 


a) outer edge of Red zone + 4° x, hourly speed, of 


fastest berg 


b) outer edge of Red gone + (number of “Hours te 


terminate operations) x hourly speed of 


fastest berg. 


5) Green Zone: inner! ede e (=soutemnuedgenwo ff Yellow zone 


ornendedee =elamit? of radard range: 
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An “adda tional regional Weonsideratiom isi ttheltscenario ofpay densely 
populated orfshores where! fa tre latively “large Himbetoot.driltivstataons 
Avewconcentrated “ine a* $iallearea Smuch! 45)0is) tending! to happen ton iene 
eastern Grand Banks. Ther implicetiomslol Sthis, trendy is. shat eames 
avoidance) actlon. such base iceberg vtowing nibieted Jats one site aay 


Carrsena tore ae tom anoegiers 


Woether tor nota %focal or "régional systemPor" aveombinatwone mm sone 
Ewo Us) ised “depends on™, a-*ruabder=sof¥ factors Li CWS) Ga seraers «a 
dydamically~posttroned qdrilil* statron,- ocal control wilie "norma de yaee 
Surere vent. Sarvcnt, aetctatwomreans sine ant oxt fene is Phu diwon rent ec Clea 
orderly withdrawal! from’ drilling® and associated “operations relatively 
quickly. °ht Bt intédred driliing?r smationtis # being eusddra the Vsatuamuon 
ehanges* dramatié¢ablbly4n that4\ ar considerably; longer period dittimeims 
required for orderly withdrawal. in the absence tof regional’ dara, tre 
decision to suspend operations or to prepare for moving off may have 
to be made very shortly after a potentially troublesome iceberg drifts 


within Local surveillance rangé. 
°2.4 Assessment 


(hin) leeberes “are ai sienifucant factor in exploratory dritlage 
operations from the Grand Banks east of Newfoundland northwards. 
Although Scebergs “have been’obsérvedi rn “the Gulf Pot "Sti, Lawrences Gtey 
are" not’ *onsidered**a' Serious imnpediwent to drilling’) in’ thePrarea. 
Similarly? south’ tof’ Néewfotndland “dnd of f ‘Nova! Scotia): 1cebengs are ego 


rare they are unlikely to interrupt drilling operations. 


(a5) The! ac ebere® “season ‘texctetids* from January® toriulyetont sane 
Grand "Bant’s!,* with the’ maximum? floxr occuring wiaeApEth or. Mayw Further 
none fi ceberg si toic cur Yyelar "owned. The (minimum vfiltux iofelLeddbe rg: weet 


areas is between October and December. 


(iat) The data bases for. dimensions, mass, velociry yand 
mechanical properties are generally inadequate for definition of 
extreme events. The best available data bases are for the Grand Banks 


Oo : 
South of 43° Nand the Labrador continental shelf. However, due to 
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difficulties in detecting small bergs the data bases for these areas 
may be biased towards icebergs larger than 1,000 tonnes. Information 
Die Mechanical eproperties of Eloating ice of glactal origins ws 


inadequate everywhere. 


(iv) Operational techniques have been developed that permit 
exploratory drilling using either dynamically-positioned or anchored 
platforms in the presence of icebergs. These techniques are generally 
adequate, but improvements are required in-the ,detection, of small 
pieces of ice, both in. terms, ~of .incmeased, range ands «fom i tracking 
ERESMENa SGasclutter in bhéesvicinity. of ~the eC ies platform. The 
early ‘detection.,of ,icebergs .representingsy ay whazasd wtefsanchored 
plattor~mneeuls pe ssentiale.t.o., theiri esate «voverat Lom, @syh beads tamesstaosr 
MOVE nS sete. platfiorms is sientiicantly  ereates than fac. ene 


dynamically-positioned systems. 


(v) Research on the impact forces between icebergs of various 
Sizes. and exploratory, dxil bing.sp atforus,+ particulardweesemaght seeur 
with severe.sea states is in itsSyinfancy. Progress, isehampered by Hack 
of. knowledge ;,af the, maximum,velocities,ismalle pieces-iof Alice emight 
attain, mechanical properties of the sige. and its -behaviouced neaneecG 


$4 tigations s 


(vi) The presence of isolated. growlers. can present a»hazard-to 
supply .vesselis.,. panticutarly, if, ithe; vessel..is movingesatey its mormaZ 
CLUpsang. speed on cthe assumption, sok, ice-free oconditionen, Ice 
strengthened vessels are generally used from the Grand Banks north, 
but the degree of strengthening .is.unkikely ito, be sufficient £6 ensure 
Ehe osatety of the veseel ast it is travelling at Wigh epeedmauereus 
moment of impact. Neathes, radar, mornavisvaledertection of ¢rowlers me 
reliable under the prevailing weather and sea conditions off the east 
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Whistles the ‘technologywexistswfor cannying out fexploratory, dridbang 
in the presence of some types of sea ice, the added problems imposed 
Dy weather ‘conditions ®@and™ thetipresiance ofpitiiceberes; Yas grestimiicied 
derlline ro Che? study> area Mto Mperiods | when pack #icestey notaipresent. 
The dnly danger from) sea tee eo thes types of drilling currently. taking 
place “it ehe Sridytarea sivthe” plclss hhimhiny ciepacknicesd riitinga gmt o 
tne: “dry ane e Sreas, Gurrenieeprowedures Cals for ekoperatiwo nee sto.gye 
suspended! land ‘chesdrilbing unit» tor move off ‘the site» before sea -aee 
moves into the area. However, sltustvonse «nay foccur ewhen .this pwoudd Got 


be possible. 


there are) two wegfonis! off thedustudm,area swhenmesoily exploration 
activities are ‘currently taking place::im areas where problems from sea 
ice are likely. On “Ele, Grand Banks “during tne winter: womens, sea ice 
occasionally extends to the Hibernia area, and off Labrador in the 
summer the ice edge is normally just north of the drill sites at the 
Start tof the "seas'onm, Throughout ithesmorthern parteof) theystudy sare 


CBatfintabay, (Lancaster Sdund) iseavicenass presents for most .of he jyear 


and ‘wouldipose Vproblems tolanyw futures dridling.@ctdvyitzes, ) Althquan 
gealice doese oceasstonablytcover)the) Northern, Scotian, Shelf, tt ghas 
not been “observed iat “Slable Islands However,|.sea ice could become a 


propbéen furtieetnorth oniveher Seotiansshelt. 
Sioveeneral’Deseriptron Yof (Sea Tee Conditions 
Ree ott Ice Formation, Types and Concentration d 


in Waters? witch *aWeGlinity! ereater a hamvu24. 2790/00. coolinegaet gene 
surfaceoresults: imecconvectume mixingeand, |therefore, ethe watergeatecne 
surface cannot freeze until the entire layer involved in this mixing 
has cooled to the freezing point of the water. In most of the study 


area thist mixing Wsionormallyi iconfinedertdsna dower» «;alanity \surctace 
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layer which is approximately 100 to 200 m thick Prior wto Wireless é=—1wp 


(U.S. Navy Oceanographic Office, 1967). 


Once this surface layer has cooled to its freezing point,©which wis 
approximately 27 .82c fOr? Wate ys twithyyd @salinity got’ 32)0/00, a slike 
super-cooling will initiate the formation of fine plates of ice 
suspended in the water called frazil ice. This, «fra Write igraduakiv 


floats to the surface and forms a soupy layer called grease ice. 


If the sea surface is calm at the time of ice formation the grease 
Lee widillform (sath in ge] aSitiicedc rust. of dice! caldeddnibas. Thisetypée tot 
ice formation is most common in sheltered near shore locations and in 
the open areas between) ice» floes However, #tfethetsead Esvacitated By 
wave action at the time of ice! formation; the ¢rease ice will congeal 
into “iroul are "pireces 6f ice from 27 0eremevto W3 “m\ in “diameter falas 
pancake ice. As the wave action is decreased by the growing ice sheet 


these *pantekes \afe facorporated fntéPlarvier™ ica #f loess 


Onces an baceresheect phasi iformedadthes tice fise genemall ly pelassitied 
according to its stage of development. This is closely related to its 
thoelkne sis), Young ice, which is the next stage of development after 
nilas, ranges from 10 to 30 cm in thickness and can be subdivided into 
grey ites (10H15 “cm ceh ick) wand lyrey-vhive -toeer(i5<801 caethickvec Sea 
ice of not more’ than’ "one winters growth > that equals or exceeds 30 cm 
1B "thickness? On stireterred) to as first-year ice. Lf ‘the lee) nas 
survived at least one summer melt season (to Test October). 91b) sue 
referred ™ tot as ‘old /icesewhitch clan dbétsubdividedvanto second-yeaneres 


and multi-year ice. 


When sea)ice “neg atitiachdd oto «the 44nd) 4t dace medemried lst ov etsie land 
fash “ee, iewhaille tive floatingsassgear icey ishaweferredanta as neck ideas 
Landfast ice can be formed in-situ or as a result of pack ice freezing 
to the shore. In most of the study area landfast ice seldom extends 


more than a few kilometres from the headlands. 


inWraddition’ too eing | *lassifiedseaccording tro stiype apace Losers 


atso classified” according? *¢o concentration of tthelfratiok of (the sea 
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sur face ies covers. in Canada as elsewhere in cie + word, ice 
concentration is expressed as the tenths of the sea surface covered by 
Lez, Mariners often group ice concentrations into classes based on 
the hinderance to navigation. EX amplesimof thine, classification are 


open pack? (4/10 to 6/10)\ and close pack (TALO. to 8/10). 


Data on ice “types”and GConeentrations in the study “area is normally 
obtained from ship, shore, aerial and satellite observations. Visual 
identification of new, grey, grey-white and first-year ice from ships, 
shore Stations 4nd, aircrart wel nommatyy. mot a “nroblem. wsince, Ub hess 
classvEications area, bas ed@omeavisita ln anoearan ce . Th ef () VE Sar atl 
identification of ‘small pieces “ot “old Leer wirtoh are miuxedy With 
first-year ice can De. a Sroplen for even experienced observers. The 
visual estimation of ice concentration is normally possible to within 


One “ore wor tent hice 


Ef ssiide looking "adimborne radadc (SLAR) jis "ased, the: ability wee 
distinguish ice types and concentrations is reduced. When SLAR is 
used ice i6) normally clasei fed “inta foutmeatvyoesw (news slower 
-first-yéar “and” old) “and “four-Pevels-of mconcentmation. (vero lopen, 
open, close) am very Giese). Bie, abilgev. to. chastity ics using 
satellites varies considerably with the sensor used. The NOAA class 
of satellites, which are widelyulhsed for operational ice forecasting, 
can. normally Sresolvemewo or three: types. of Woe Sand “three Go owe 


levels of concentration. 


Markham (1980)% provides a dé@tailed analyses «of tthe seasonal 
varlat ons yin .1¢e4 Gypes and: Comecntrations for: GiemCule a tame 
Lawrence, the east coast.of Newfoundland and the sowth Dabrador coast 
(Figures oak). The overall pattern of Ace .development Ms relative ly 
Similar Bn gal three areds excéeprnforsathe “Soccurrence of old a aes fon 


the Labrador coast. 


The old ice found in the study area originates from the channets 
of northern Baftin Bay, especially Smith Sound, and) occasional le irae 
southwest Baffin Bays In these areas pack ice survives the summer 


melt and becomes entraped in the newly forming pack ice. The 
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Southern Labrador 
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percentage of multi-year ice -found in the different regions varies 
considerably but rarely exceeds one or two tenths outside the source 
areas, The one exception is along the Labrador coast during breakup 
when much of the thinner ice melts leaving the multi-year ice. At 
this time multi-year ice can be the predominant ice type Ln the strips 
of remaining pack. Whale Markham@s@idiagrams (Figura®’ 3/1) do not 
indicate the presence of Multa-yearPiceton the Grand Banks), the fli¢ht 
charts produced by the Atmospheric Environment Service of Canada (AES) 
have occasionally noted) a gnace of ofderice in this’ area [late in tive 
season. Based pon average ldrift. rates: multi-year ice from northern 
Baffin Bay would not be expected to reach the Grand Banks until late 
in the season (April). However, during years when there is old ice 
leit in southwesty Batiin WBay/i1@ reach the Grand Banks las early fe 
February. the “availabe “data tndiceat se that “the Sresgence as 
multi-year icle on {ithe Grand Banks “ks rare, but due €o }its greater 
thickness and strength, any old ice that does reach the Grand Banks 


May resell Chepsouthern@limite vot @theapack. 


Based on gine. previous’ analvsisPrt. is clear that thedtyo.cal wed 
ice conditions encountered at the start of the summer drilling season 
om the babrador coast are /Wioy--Weoncentrations of first-year and 
multi-year ice. The typical conditions encountered on the Grand Banks 
are la mixture of young and first-year ice With the poseibi lity woe 


encountering isolated old floes. 
OE ee aes Ice Dustribut ton 


Sea ice in the study area normally reaches its minimum extent by 
mid-September. AC  tWigepwT ime sea ice is restricted to [the sxtreme 
morthern section of BatfineSayi~sthe channels of the arctic! archipeld geo 
and occasionally the southwestern. .section of Baffin Bay. Lu eLate 
Speptémber new ice begins to form in.Northern Batfin tay and tne ton 
edgé starts advancing. southwardgeGF ieuren 3 420. By late December the 
Labrador coast is completely enclosed by ice; and’ i¢e’ Ps" starting to 
form in: the southern Gulf of St Lawrence. By mid-March the sea ice 
has reached its maximum extent and completely covers the Gulf of St. 


Lawrence and much of the Northern Grand Banks. The lee starts 6 
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FIGURE 3.2 Advance of sea ice from September to March 
(Compiled From Sowden and Geddes (1980) and 
Meserve (1974)) 
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PIGURE 3.3 Retreat of sea ice from April to August 


(Compiled From Sowden and Geddes (1980) and 
Meserve (1974)) 
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retreat in April (Figure 3.3) and by May the Gulf of St. Lawrence and 
the Northern Grand Banks are normally clear. The Labrador coast 
clears of ice during June and July, while at the same time, areas of 

open waters in northern Baffin Bay ‘startaubo gexpandsssoutnward ; By 
mid-August the pack ice has retreated to the extreme northern and 


southwestern areas of Baffin Bay. 


The previous discussion has outlined the normal patterns of ice 
distribution in the study area. However there can be wide variations 
in the timing and extent of ice coverage. In most of the study area 
the timing of the ice advance or retreat can vary by approximately 
plus or minus one month. EherwWariatton ineathe anvuau extent. of eerne 
ice cover is demonstrated by Figure 3.4 which indicates that while 
much of the Grand Banks is ice free during a normal winter it can be 
Potally ace. covered ‘dirring Paw ™severe ice. year. Eilg ure. (324 (sa Vero 
indicates that Sable Island is near the extreme limits of sea ice. Ice 
has come close to the island (within 40 km) on several occasions. The 
potential “for sea ice reachine Sable’ sland should! be investigated 
FUrEner sance the jack-up rigs used in thisemered. are Limited) in’ there 


apulrty tor iqaick liv move orf Site. 


ine edatarpase for sea ice distributton® is more yocompletessthan, for 
any other ice parameters. Obsenvations *Of theliposition of the tee 
edge have been collected since the 1800's and in 1889 Robinson 
compiled a description of sea ice conditions for Newfoundland waters. 
Prior to the Second World War ship and shore reports were the only 
source of data but after the war, aerial reconnaissance became the 
principal source of data. Aerial ice reconnaissance in the study area 
is currently carried out by the Ice Branch of the Atmospheric 
Environment Service of Canada (AES) using two Electra aircraft. The 
introduction of satellite imagery in the mid-1960's increased the 
frequency of coverage, but did. not eliminate the “requirement “for 
aerial reconnaissance since the satellite imagery generally used has a 
cichwacowerew resolution and 1s restricted by “ilouds cover. The 
introduction of Side Looking Airborne Radar (SLAR) on one of the AES 
aircraft in 1980 increased the frequency of coverage for many areas by 


reducing the dependence on good observing weather. The service should 
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be further improved with the introduction of SLAR aboard the second 


ABeYauecraftethis* year. 


The normal AES operating procedures are to have one of the ice 
reconnaissance aircraft stationed at Gander, Newfoundland during the 
winter and spring and the other stationed at Summerside, P.E.I. The 
aircraft stationed in Gander is responsible for providinesy coverage: GE 
the Grand Banks and Labrador coast and the other aircraft provides 
coverages oft »the » Gul fuayof! St... law nence . Theil (AB Si¢ lice | iseixva cee Ph asi Ga 
mandate to provide ice information to shipping off the east coast and 
service to the oil industries is only one of its concerns. Given the 
large area covered by the aircraft operating from Gander, coverage of 
devel ling Sh eesd iis lem teed . Coverage of the Hibernia area during the 
winter and the Labrador coast during the spring is normally once every 
EwOo* oO” fPourndayS butt fehis "can vary (eons idier ably: in’ both sot Sehese 
areas the oil industry has developed its own ice reconnaissance 
programsewhich supplement thes AES *f{lightss These industty. fitpehee 
rely on visual observations of ice conditions and are normally carried 
Out, from twinwengine »fixed wing arrcraft.. In both of these areas the 
industrywfibightsiane moréefrequent¢ thant thesAESwflishts duriig tee rtain 
times of the year. The. ot) hindu situey Lear weist lou th hit st lownt tana lye i ceo 


flight data and the results are generally not available to AES. 


the nenilability -of (the. ice distribeation, i.data eb4a6 euey ete 
eons 1 dtr albnly ¢ Data from the pre-aerial reconnaissance period 
(approximately 1948) is generally not suitable for site specific 
analyses. Thes® ;credutabi laityeeof tite « morelire cen tl tdaraeealcoetva cia 
considerably, with areas where drvliing! is*currently®takinge@ place near 
an ice edge generally being the most reliable. Coverage \*by- SPAR 
equipped AES aircraft normally takes place several times per week and 
this sisrfisupplemented toby *vistial iofltighess carried! Wout) Rhy Pitive soe 
indiet ryt Unfortunately during the periods when coverage is most 
urgently* requizedg’ such? ais? dur ing® storm condi Cions$? visual "fl tehes eoy 
the industries) aircraft may not “be possible...’ Durine these periods "tte 
AES SLAR equiped aircraft may be able to provide additional coverage, 


as was done on the Grand Banks in 1983, but this aircraft is not 
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dedhitatedisttmithie taskd Nos pebudd es? fof serial, (observing, conditions 


diringeperiods:of ice adyancescould abe Hdentified. 


52 2%3 The Advance and. Retreat 


tivesypattrertn@oek ice dietribestuisons leq comtrolled) bynithe aduance “and 
retreatwofmthewiceioed ees Thej ratewody advances pifsithepiceredge se the 
Most «important peconside naiion, for «dod llinagpas ined) dit pdeberwt gaecs, ithe 
amount ot? lead tameyeaveilablesgto, moved thet adradding wodts offy yhhies js ite. 
Rhegetactioms goonmtnollings thewwosktLon’,o fs, the tice. .edee. are: ice 


tornationyetcermelltr iand ucejdra ft. 


Thess (ormatironn,okyney  tGe vaheacdbofsian does sheet cany réswLe Vin ramad 
advances Hof) he) wi ceyped se.yunderssionew. conditions. However) thew auc e 
formed, .1 nat is. way. presents, fawsorobiemss, for navigation, and 15 quickly 


broken Up. oy wWaverllactions The) melting: of) pack ace, while Mob unormaliy 


eonsadered tas sapepnobbem*® wlan ileadustio- “wan wincneasie pan ethe, relative 
proportion! of) heavy dice.. Thils, process often occurs when an ice edge is 


retreating due to wave action with subsequent packing of the heavier 
icenbyswind actions dUnder stihesie, conditions the pice, edge ycomsists of a 
line of heavy floes which have survived while the thinner ice which 
once surrounded them has melted. This heavyydee swiss then. formcaune 


leadine edigepof theypacks af thergic'e eshould, advance again. 


lee drift,ds.thesmosti,important, factor mesponsiiblegsfor advances .F 
Phieig@ce@redge tminthe studs, ariea. «Ghesfornces4uhait pcont poljssea, tee parire 
areniwind esitesss; water sutrese.ye st he’ coniokis seaffect; the dnrernal tee 
stress, which isi al sfunetionepot. the interaction Detween .hloea langue 
force dime ctaethe. tholet ines so hatheg is ean cs Urtiacer In) its .sime lestpscoum: 
the “driitw of open. pack “can be approximated bythe Tesul tant vectorras 
thefkgurfiace wneurrent eanditwoitou four spencent tof the, winds specc: In 
fact’ othe «response +of »lice ta both .wund and ocean scurnente depends jupon 
au Nemb er, OterfiactorsesinGghudine,.t he. roughness of, the .ic erase emget ap pa 


Mast ie lAtmospwereh and Uthe pot mat Gicatiiom: a6 the. oc ease When close 


Pach ey one idared ~wpthe. untennal -dice ootmess . Deco meg. ee ner aise 
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Analysis of sea ice drift speeds off Labrador (Petro-Canada, 1982) 
indicates that the maximum observed drift speed was 1.6 kts with mean 
speeds ranging: from 0.34 tio 0.64 kts. Tt? sshouwl durbeS noted’ that »many 
of these speeds were observed in pack ice situations. Isolated floes 
could be expected to travel come wdeira bly tet alsite r J There are few 
measurements of sea ice drift speeds on the Grand Banks. However, a 
study carried out for Mobil Oil Ganada~Ltd. (1980) by NORDCO Ltd. 
found a maximum rate of advance of the ice edge towards the Hibernia 
site of 150 nmi per week (average speed 0.86 kts). Rapid advances of 
they ipack@giceiton thet Crand eBanks netmadily oceur Sin Witches area Fofs tue 
Labrador current during periods of ‘strong north or northwest winds 
behind a low pressure system. During a case such as this in March 
1973, sea ice advanced south through :the Avalon Channel at a rate in 
excess of 27 nmi/day (AES Ice Charts). No evaluation of sea ice drift 


speeds on the Scotian Shelf could be found. 


Data on the movement of the ice edge can be obtained by monitoring 
the drift of individual ice floes or by monitoring the position of the 
ice edge over a number of days. While the first method gives reliable 


estimaties ofjithesice driftewithimdther pack, tis of tens diGficdluretea 


monitor @theddrift eofi*ticdsfihoesk mearextive: ide wedge. Int *addit fom €thie 
movement of an individual flow may not be representative Of the 
movementy of% ther pre@idedges The aisietcond’ method H#regiuires @- frequent 
reliable coverage of the ice edge. Wintle* «thas ila ter method? has + been 
used’ ‘fol monitor’ Chaigés. in ‘the Gice\ ledge CleBlond, 98294 Hobe 10007 1 
Canada Ltd., 1980), no studies could be identified which use this 


method to analysis rapid advances of the ice edge. 
3.284 Thickness, Floe Size and Surface Features 
ee eS Bee a Ne OU eae Ch Ree ame S 


The thickness of sea ice is determined by its rate of growth and 
bytdeformation due tov ridging and*rafting? The*rate’of 'srowth “ef@sea 
ice is determined by: the air temperature, the heat flow from the 
water column, the thickness of the ice; and the snow cover on the ice, 
in’theemosth or the Ss tudive area’ with ive exception of some areas in 
Baffin Bay, first-year ice normally will not exceed 2 m in thickness 


due to normal growth. In the pack ice environment ridging and rafting 
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play an. important £ole in the growth of sea ice. Rafting, "where? one 
ie Jsheeti>oversgrides. Another, is mainly a factor. int thinner | ice. 
Ridging, where a line of broken ice is forced up by contact between 
two pieces) of Gée, can océlr in even the thickest ice although the 
thinner ice is normally incorporated into the ridge. After, xidge 
formation the ice blocks involved can become frozen together which 


results in the formation of thicker floes. 


Analysis of. ice thickness measurements in the» Labrador Sea (Table 
3.1) indicates” that the mean first-year ice thickness in this area 
durvang Che? winter “months ranges from 0752 Go 3? ums swith ithe: mazinun 
thickness near 5 m. There are few measurements of multi-year floes in 
Ene wuaprador+ sea. -but Ené Savar taste data taodicates. that: (tht ¢cknesses.enn 


excess of 14 m are possible. While some melting can be expected during 


the [sprimg, «the winter ice thickness “valwes can) bel ¢onsidered as 
Fepresentagive, "of “conditions: just prior \co: breakup: Unfortunately 
there are few ice thickness measurements during breakup due to the 


ng 
oblems associated with working on the ice at that time. 


~~ 
‘; 


The ttiickness of “ice  foutd “on” the | Grand Banks “1S “or imariiy 


Letermaned sy “conditrons Pthat “exter further nor ths Based on 
canperatureas Sat’ St. John's, only a Very thin. ice “cover “would: frorm 
Locally ont the Grand’ Banks There are only a ‘few ace thtekness 


observations from the Grand Banks and some of these were collected 


euringemild: ace ‘yearas The available data LSe not sswEf ie tenet fc 


reliably estimate the mean or extreme sea ice thickness. 


The £fow size dnstributtons within o the “study —aeea wari es 
regionally, seasonally, and with the distance from-the ice edee. The 
Larges® ice ‘floes are’ found in» ®@atfan Bay «andy off athe BL abe adom  coace 
during the winter months. These floes can reach tens of kilometers in 
diameter and are composed of smaller floes that have frozen together. 
Since these floes would be quickly broken up by wave action they are 
normally found well inside the ice edge. Near the -edge. oatfieeme 
Labrador pack in winter there is normally a zone from 5-19 km wide 
with small broken and deformed floes having diameters from 10-20 om. 


These floes have been broken by the action of wind waves and swell. 
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There)*arefew measurementst of floe! sitze off Labrador during breakup 
Dit: conditiowstdare Likely *to be moéréysimitiary tow ithesice dédee tzoneuan 


winter. 


Measurements of floe size on the Grand Banks indicate that within 
1010 “sm so thle aicersedge:tehe majority of licielbfloe's! will sel Mesiss thant 30 
m “invdiameter. Dueito Che )bimited? dat'a® availabe! it) Aseampocsi bliepatio 


derive estimates of the maximum floe size for the Grand Banks. 


timer occurmenceamol tolda.f Votisever, theieGraad |B ankst imsteriare: Sands 
bite neivorie,. estimates, of floe size are winareliables Wowever;, a possible 
oldfiloe was observed on the Grand Banks) in early Maroh 197) “watch. fad 


estimated dimensions of 10 m by 24 m. 


AsGwais Stabeditearlier odin fois seictionsethercdeformatibom ofsniic easly 
midving, “ands? iraftingsagcand geeativyeartaérease Thins cthieknes¢- Ridge 


formar lonwsoc cur stcinavalmostiy all fepacker ioe: envi ronmentisenbut,s lish most 


common imidyregions Raith bibdighi oa iconcent rations <ofreticie’ aitth hmlaryame 
thicknesses. ine. Etvese ameiassyethie'rie. chs 44 4greatem Lr obabdtbitived of 
iniivematobiomiibetween tfdioesi whichteresiitarine ¢ridges btormatién Ina 


adtdughito.n 56 inildigest «a ret mores #hike byi (tia. yret ain theirutdentit yam erevene 
pressute idetcreaceserifinthey areotformed. initia colditenvimonnenté with 
Mitr le’ wave action* For these reasons there are few ridges formed in 
areas suchas’ the Grand Banks where there are low concentrations of 
ice, ‘vtelatively warm temperatures and a. considerable amount of wave 


ac tavioins 


Sites tiiis t ie s § adienriiv od from Panakysis, offi laisie tepriofa lbomether § dist a 
collected: iby AES otffsWabradore(NORDGO,s 977 ) vind heamensthat the dvearces t 
ridge observed had a sail height of 3 m. Us ingore anily st of hkeedy kr aitiiios 
ofsrfrom 3allettoeS5elewothdegive a maximum): ridgetthrekdess of ¢iucm wees 
las ie. Based ioni the Samevstastisties;s a«typical erideeewi mit tismanea mies 


aethieveht off approximately iS wm. andida itotal chikckmesis comiitromes: tae 9 


m. 


There ,are, few measurements,.of ridge height on the Grand Banks. In 


Manchi« 1O79(e Cac Wight cukces- year), chameAES Aceyereconnaissance, filught 
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measured ridge heights on the Grand Banks using laser profilometry 
(MG bail Onl. Ganad ao Ltd. 1980). Only.) fourm stride eos were. eGOnnid. eno 
approximately 0.8 m above water and two approximately 0.6 m above 
water. A photograph of an ice floe on the Grand Banks at 45°50'N 
49°20'W taken One Apia eo 2S a 786 ttl So es he eu ca aa ridge “with =a 
sail height of approximately 1-2 m. lneMarch »L9/2. a, large iifarst=-veax 
floe was observed near 50°55'N, 51°25'wW that had tidges. that cvere 
egtimated at. from 3=4.5.m cin height, ucConvey.«,1972), Based on the 
avaliable data Jit Ais imooge bie she lestimate.sthe maseimun ridge 
thickness on the Grand Banks. However, ridges with thickness of 5 m 


seem Lukely. 
BERD Mechanical Properties 


To date a great deal of world class research has been done in 
Canada ,on carefully. .prepared. laboratory, ice. This duee has dieens itiormed 
in such a way as to avoid any effect structural variation would have 
On weit ect.) results ¢ The pbehaviour-,of Ss iunelelycrystak yandsyunbtanm 
polycrystalline ice have consequently come to be well understood. 
Mechanical properties such as flexural, shear, compressive and tensile 
strength, stiffness and elastic modulus, and fracture toughness have 
all been investigated in the laboratory. This testing has revealed 
CHAC yess Upmcopert less vary with: “rempera tunes ea lini ty) ot enemies 


volume), density, ice grain size and grain orientation. 


After. 1¢4e. testing moved from,» the wJaboratocima btoedie field, 
researchers: found:-that the results obtained, varied, considerablyowith 
the size of the sample tested. Primarily, this is because as the size 
of the field ice sample tested increases, the number of naturally 
occurring flows and faults in the ice increases, and thus failure may 
Occur at..Lower stress whee ls,. lt¢as ethas thhatydlaboratory ¢ eats, vane 
Une DLe [to quantity. To. the. design engineer.the.results of laboratory 
Festspare not, directly. useful, sin quanti fying ptbhe load ,.conds tiome@ehe 
may expect his structure to encounter in an ice-structure interaction. 
It has also been found that ice properties change sienificantly within 
minutes of removing a sample from its field environment, primarily due 


to brine drainage and temperature changes. There is therefore a need 
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fOr°full séale*tna-situl testing of Fi1€EPULLE Pstonlyevith he tse sel er ee 
such tests that the design engineer may proceed with confidence that 
he has proper quantitative information about the ice environment his 


structure must "be desientd® Fors 


The strength” of "“sea*"ice* has* been found" to depend “primarily “upon 
Cie,  Cewperature, "the “rdte’ of stress, application and ‘fhe entrapped 
Dwi ner vo lume (or) Sa h-in vey Low brine volumes and temperatures 
ecoOrrespoud Co 'ttre’ st ronvzest*rce* inal) *tari Pure modes. Cold” ini § 2=vear 
ice which usually has a low brine volume because of drainage and 


retreezing can *bé. expect éd "to “Wave Wigcter) failure strengths” than® first 


year ice at the same temperature. 


Variation’ \6f \Stréagth wth) stress “raver is® complex “andi "deems feo 
Gepend> "or cher’ farrer e* +node: Ta "temrsion- the®*farlure 4s brene ea 
increases and then decreases to become independent of stress rate 
an0Ve, values “of 50 (Par per, Secténd % In bending the strength decreases 
ana“then Anecreases «with stress rate. The value at which the change 
takes place increases with temperature and does not appear to exceed 
LOO? kPa? *pe Fetgeicond’: in t'conpressiions® the’ “faibure strengte ht tvarcies 
rnversély #as' “the Stress. rater up tolwaluess off abowtr e300 kPaArper\secénd. 

in” general > confined’ compressive '6erength” is f ifitehe ye th ant hehe 
unconfined compressive strength. Shear strength is lower than the 
compressive ‘strength but higher than “both "he? tensile *dnd \ftexural 
strengths. However, comparing ice strength data from various research 
programs ts*’difficult duwé to the “properties discussed above and the 


variability in measurement techniques used by different researchers. 


WEth Sréspect toveseaeCicetedata . fortéhasteraurlGanada Wenes meet he 
measurement’s’? have “Wedcutcmade Win" thet Babradocearsada. Very few 
measurements have been made of the properties of sea tce south of 


latitude 52°N, roughl# the Latitude *oveche rent rance?to tthe Sitierent tot 


Belle Isle. 


For (baprador  s¢ai ice, there are three major sources “ot) vere 


strength data: Petro Conada Ca review document 1982); Butkovich 47956) 
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aud Nolte and ‘Trethart ©1972). The results* obtained “by Butkoviten are 
from landfast ice near Hopedale, while the other measurements were 
made from ice within, the labrador pack... Table: 3.2 summarizes mich wot 
(Me existing data. tor Labrador. The confined Compressive (borenole 
jack) strengths ranges from 8-12 MPa, unconfined compressive strengths 
fcom #70 MPa, tensile and tlexural strenetn from @.5-01.0° Mea wren 
Shesreastnene thot -2.0.MePa. 


ingeloe be FENCOY WorkloeeuUnder « contract: «60, Mob? O11 Canada: Ltd. 
(1981i) measured the properties of’sea ice along the Southern Babrador 
eoast.,  Thisawas a light sea Mice waar wath no sea ice an the phuberniva 
area. Ertom=<: samples. tested tne the field <durings<March “Je0) the 


average uniaxial compressive strength was 1485 kilopascals (KPa). with 


aestcandarda deviation of 708 KPa, For 5 samples tested during April 
Va to—ethenaverage, uniaxial compressive ‘strength was 987 KPa with @ 
standard deviation -of 203 “KPa. From (1) beam “bendine tess. during 
ManocNeaw i.) =the. flexural se strength «was '2./.3) (Kise “with «"altsetanderd 


Gdewvvatvon of 133 KPa. 


No measurements of sea ice properties in the Grand Banks area have 
been published. While it would appear that reasonable extrapolations 
from Laprador data could bev made, om the ‘basis oof ‘Che dependence. 
strength on the brine volume, the large scatter in strength data tends 
eo complicate this approach. The? various "mechanical? properties © of 
Grand Banks ice should be lower than ‘Chose for more northern 20S, bus 
because of the large variations in data, measurements of Grand Banks 


foeuundersvstandard test condifions, are “required. 


Verve (ew measurements ~of. “the, elastie  modulds . 45) “ote eastern 
Canadian sea ice have been made. Some measurements were made by 
Butkovich (1956) in conjunction with his ice strength studies “near 
Hopedale, which is approximately mid-way along the coast of Labrador. 
Butkovich’s results for different temperature ranges? are \shova 7 
TADLeG 3.3. Lane  OVeratl” average was “S000 "MPa “at “a Cenperacunre oe 


ou ee va ene 


* : # ! are 
‘ , ‘ ® he ni +o ae Pye + a if t oa, 
Y f : ican | 
* ‘ ‘ 7 a , ¥ 
& 4 rE ul of RAL 4), 
il i 7 "i a 
c f Ret ia HL WA c as sip ey % 
Dai i mh 4 
; : , “Xe, 
1 2 Aleem @ HL 
f A 
a ye 
oreni 
4 7 : ; 
Ne ; i 
: 
i 7 
ae J t 
eS OX! is PAS conc 
i ee 
qi 7. 
i E aa 
i 
A i 
7 Wass ry y 
‘ : 
F > 
i 
i a 43: 
‘ WJ 
ye 7: ie ee Law 
| riper are 
‘ i 
Vi 
i é 
ee = * 7 en | ee id oe ie 
(OF i re See ce ae we ae Pied. TH ea & Git ne 
4 nad i ‘ 
uN) ; ary a . 
f } | ° ‘ng i e 5 f ib wh NAb : ry ee » i ha ir A 
ts ta84 BeQgee bfogte gi alia sim idan 
} 7, ‘ be ans int vp we 
5 oo bar 8 , ‘ J 
nh 
- f i ’ 
; a 4 Piet f fait, rt it) 
i 
M ’ 
a) ya ¢ Ome eres E. 
, f _ ~~ r ‘ ‘i 7 Piles 
F : i Ai 1% 4 
i ; Sy 
I 
h 4 a * nm ty ; 
i a Pay a ie 
= f ° BLITAV 
@ + n 4 
é ity j (on 2469 
’ a i , . : ; ; 
re my fg oo as | :\* oe a 
[Fen Ls iil LO: B2RSreaTeRes oa 
; i r / : DN Se oy ; if * th! 
ioe ' f a \ a ¥ y rs ‘ vy ‘ 4 x } off M 
a TP AM at Ae | | ae! ke Ge » 2nd sad YAR a 
| : aa os vad ev! 
bray ‘ P eh a iy ey 4 ie | | a 7 iw a i “a ‘4 “fF, 
i Jia! & mee a ot W apd ou Oo. i.4 & 
; oh im i is an tl See 
“~ ys ‘ — a 4 yr . 
ul sho aro snols mo Vewe Viadana p 
ROD MMO TB NwiNe “iia 5, aan al xorage he 
r Oe ¢ ir 
7 


~ 
aa 


- H/T B. ene) 288 raid Lb, : 
ry ? ee bt as Ane Ee oe 
TS ONST BN, Ph 0008 Any “oll Q btevs iy 
eh NO aus 

; ea) 2.0 ie 


Ss Wee 


TREES #2 


Summary of strength measurements of Labrador Sea first year ice 


0 ARES RS SEIS EN ERR A ea tenn AeA init elit lls reel as ect Mrs ee eR ED as Re RN Cea Se de 
Ice Strengths (MPa) 
2 6 a a a aia ae eS alee g aaa ae ee pp ee 


NO Or 
OBSER- 
MEAN Silks VATIONS MAX MIN 
CONFINED COMPRESSIVE STRENGTH 
FENCO 1975 a2 7 O) 4.9 - - - 
FENCO 1976 Gra SAS 254 - 
PENGO, 1977 = ALL 8.7 Burs 83 - 
- FEBRUARY 8.8 a9 1G Ola Z 
- MARCH ILO) 2 38 - Leh. 2 Os8 
- APRIL WPS Si - aSyual SteS 
- MAY 7.8 Beals - 1545 Ons 
FENCO 1978 ILO).5 3k S55 - 20.9 S60 
FENCO 1979 9.4 2S 2 - 
UNCONFINED COMPRESSIVE STRENGTH 
FENCO 1975 Bis AL - - = 
FENCO 1976 6.8 eS = - 
FENCO 1977 4.6 aS - - 
FENCO 1978 8.6 ee 5 Wil 0.9 
Butkovich (1956) See eS 58 One DAS 
Nolte and Trethart (1972) Mees a 82 B2a8 On 2 
lgteanled. 
Nolte and Trethart: (1972) veres 1.7 eS 47 Sa 3 Oss 
FLEXURAL STRENGTH 
Butkovich (1956) 0.8 OmeZ 39 Tie 7, Oval: 
Butkovich (1956) cantilever ORS Oo © O, 4! O42 
TENSILE STRENGTH 
BUEKO VLG! 1956) 8) Onda 124 Dae 05.8) 
Nolte and Trethart (1972) One Orel: 103 Orn6 Ova 
here 
Nolte and Trethart (1972) OS Ome VON ORS (Oh arall 
View. 
SHEAR STRENGTH 
Buckowmieh, L956) Les, Oey 46 Bh 78 ORS 
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TABLE 3.3 


Young's Modulus, 


Hopedale - March, 1956 


(Butkovich, 1956) 


fe) 
Temperature Range, C 


=) .(0) (eo!) S53 ,5 
=51,59 COS PSL 


Ao COL Oyo 


Mean 


7570 MPa 
7900 


8270 


eh 


Ure 


ln ae eae te fd 


any! pa a oh 


a) 


ts 


On the basis of dynamic measurements by Weeks and Assur (1967).in 


the Canadian Arctic, it can be concluded that: 


Le E increases almost linearly with decreasing temperature, ranging 


ELOmL4O0O) MP ah btwc 14006 obo eb000eMPauats 3407 C: 


2@ JELMecrehses! with increasing brine volume, ranging from 7500 to 


10, 000uMParfortsalliihity valvesltypical of; labrador eSea nice. 


eK Buea Vie s 1 orm “colds 6) iliaw Salinity Anctic. sea ice do) not  exesed 
10,000 OMPal* loan? do mot i faltwabelow 47000) ¢MPaus 6u ant sfod very high 


salanity: 


343 Expisoratory Drilling (Operations ine the Presence jot Sea tee 


As was stated earlier in this chapter, exploratory .drilaing wince 


study area does not) currently take iplace in sea ice covered waters. 


The only danger from sea ice would occur if the packwaeenwasy tos draire 
Vert drilling isiceube fore: aeunit) coud di the mavead. For, dynamically 


positioned drillships and semi-submersible drilling ptatforms this 
would only occur if the sea ice remained undetected, or if the unit 


was unable to abandon the site for some reason. 


There seems little Likelihood of failing to detect a SOS ticle wi 
area of pack ice approaching a drilling area. However, isolated floes 
could remain undetected during storm conditions. Further research jis 
requjred to define the .probability of sich “an “event «anade tae 


characteristics: of the ice which would be involved. 


It is not within the scope of this study to define the conditions 
in die. whitch ialtdir ithe nig lunitvpwowlhd be unablestéemovesoffh.a. sate wibiieen 
ice’ were approaching. The e@ffect (‘that such (tee wowkd,) bhava eon 
operations would depend on the type of rig involwed “and ) sem 
environmental conditions at the time. Experience in the Beaufort Sea 
has indicated that anchored drilling units can remain on station in 
the presence of sea ice with the assistance of lcebreaking supply 


vessels, 1f the sea State and ice drift speeds are minimal. No data 
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iewavailap le tiot def ane what these limits are, Dynamically-positioned 
vessels would likely experience considerable GiPt iu Piey remaining on 
Seation tiepackwice was in the area. the maim dativeunl ty ine thames 
would be broken ice being drawn into the thrusters. If dynamically 
positioned drilling Suntteware consi deredra: use in an area where new 
lee formation ie occuring, for examplewthe Grands Sane 14a winter or 
the late fall off Labrador, the effect of Injesting frazzle ice into 
Che thrusters “should be investigated, This ice Gan.occur at depth, 


and may result in ice build up in intakes. 


the possibility of sea ice reaching the jack-up units situated of 
savte> Toland) “was noted reariner: While: “the: probabil¢ty 86. ms yeow an 
event occuring is likely very low, ‘neevaluatiou of “thesrisk could ie 


identified. 
3.4 Assessment 


(i) The most Significant Setfecw lig pweoeg ! jae Om” current." dra dep 


activity within the Study vares’ ws. to Limit ‘che drilling ‘Season. 


Cx) Current operating procedures call for the drilling Wintel” Go: mows 


Orin vocarianest sea ti eerie threatening. 


Olid 4s) Sprains “is currently SCaking eplace int ttwor area amawh orem cen ice 
ts iikely tov bes@ “problem, These areas are the Grand Banks in winter 


anc voft the Labrador ‘coast: ano the early summer. 


iv) Pie SCWOeeswcuatilonevidentafrieds where ie danger from sea ice 


Hel deevouethe greatest “ares (a) Sieo bliss oa with an isolated floe 


drifting ahead of the main pack during a’ storm gituettonwand (0p ye on 


Lecearnitting into the dri wling area inva “situs tronsuhen Che untt. could 


ROL move off “site. 


(v) There is insufficient data avallablle to. define the risks 


associated with (iv). 


=60— 


(vil ~The data tase” for many sea ice parameters is not sufficient to 


define the effects of an impact. 
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4.00 4L Ci Ne 
4.1 Introduction 


Loinges hase ea anumber bof Pdarectes aided ode rect effeti-s ion “dri line 


operations including: 


(a) reducing the stability of drilling platforms and support 
vessels; 

(b) restricting the operation of fixed Wing Adie tr aidit hand 
helicopter si: 

Cc) Sincuea sing tithes dancer mo traccidente 46 var eaul emo slippery 
decks “sand, 

(d) interfering with the operation of safety equipment such as 


hiferaitis, radios sand radar 


Dhestat feintsetof! Welung bralrieos eemerallys compounded) sa nicie icing 
conditions normally occur during periods of severe wind and: sea state 


Condition s% 
4.2 Summary of Information Available 
———— re ersten 


Ieamey cangoriginate from either smair ines orf mtmosphericeisourceceuThe 
marine sources of ice accretion are freezing sea spray and flooding by 
waves “which “ean weswlt ins fee® formation con® deckevares sh The 
atmospheric’ “sources *of* iting *arec®’ freezing *‘orecipibation ! raiw Sand 
drizzle), (rime icing in cloud and fog) and wet snow which freezes on. 
contact with a surface. Snow which collects on deck areas of vessels 
andere ingespl actormserebutt does fato tw! fir ete zai facil Malle mie eee 
Opératd ons Combinations of Leng events ec ec uminig either 


simultaneously or sequentially must also be considered. 
Ate gn) Icing From Marine Sources 


Freezing spray is the most common source of marine Loing seloodine 
Cbedeckt areas "hy wavestcan«resilbe imeicetformativay bat ves normally not 


a proplem StMinek 1977). Sea spmay Seine occurs when spray droplets 


wal 
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at ‘as tees 


aie 
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are rcdoled tbe l dw: Rthes Gireec t tg¥ ho Untleof J sem rwater (normally -1.8°C) 
without freezing. When these supercooled dropletes impact wit hh avrcodd 
structure or when cold spt ay Hitst & Werys cio d structure, freezing may 
occur. A more complete discussion of the freezing and deposition of 


sea spray droplets can be found in Stallabrass, (1980). 


ime, watie) S€0 S64 efpwray icing is controlled by environmental 
conditions and factors related to the) nature. of ‘the wes/sel iindes 
consideration. Since sea spray -lcing is normally mot a -sienificant 
factors Page wrelrghes) gPeareer 6rh ane WAS. me ea bowed date Wave Picrest! 1s 


normally not a source of aircraft icing. 


wwe "lwo "env lronunentiali*€adtor s¥ iwhich  haval KS most significant 
impact” on) *the* erate’ hSE  elaa spray {ileing® \are wind .epeed thank) Sar 
Cemperatures* The “wind!8-and the’ waves it generates, determines the 
amount of spray produced and the length of time the droplets remain 


aLebormnens Shel dard «(1 9940" 56intel ioucdehat je sma Vessel wil mtertt Bo 


generate “spray ati wind speeds of 17-21 ‘kes “and ‘the same vessel moving 
an Aime Pehe dseac Wnstwhnds4DFVe2eo7 kbs oawdililne be showered in spray. 


However, spray blown from wave tops is not: a major “factor until winds 
of 41-47 kts are reached. This is Significant since anchored drilling 
platforms will not generate as much spray ‘from impact with. the waves 
as. vessels: “noving intel thedesastiand ich eirieiforc Spinay s btown « fromoehne 


wave tops will be a more significant source of Leauge 


Air temperature is the second major factor which influences the 
rate of sea spray icing. As the spray, droplets are, blown throuech aiz 
with temperatures below the freezing point of sea water they become 
supercooled and many freeze on contact with a surface. alcingicani occur 
ati air temperatures above -2°C but is normally nota’ problem aint! air 
.temperatures reach -3°¢ or lower. Some early research indicated that 
sem spray’ icing’! wourd i motttéceur ! Gte lair temperatures below 1g; ¢, 
however, icing has been observed at temperatures as low as -26°C 
CMa niet ed 977 ))ph ether tr ater ofe coo ltings 6 fiithe spray) drop Leitiss in ‘the:rair is 
influenced to some degree by the initial temperature of the water, 
however, icing has been reported with water temperatures as high as 


+6°C (Shellard, 1974). 
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Apart from wind speed, wave height, air temperature and sea 
surface temperature, there are a number of other factors which have a 
less Important infiwente™ on rhe rare OL Clue.  Ssalinwey, Can inti remee 


on “the rate of icine, but wonder re normal range of salinities found 


(=i) 
Ln Che marine aréas tof ehlast arn Canada it is not a significent factor. 
ketative "humidity an valso Mineluenece the rate of icing (Wise and 
Comiskey, 1980) but des effect is alec normally not significant in the 


study area. 


OpSeT Vallone “of (Seal Vspray, (ic wie ar ole included ac part “olathe 
standard marine meteorological reports sent in by Ships and \ydrpliine 
rigs aff the east coast ‘of Canada However, the limited amount of data 
included in these reports, the variability in observing procedures and 
the fact that many ships fail to report icing conditions make this 
Gatassoracticalily? Aiselesst: ThewaNamioned Research * Cotincisl oo fertanaana 
attempted to collect a better data set during the years 1968 to 1979 
(Steallabrass, #19380), ‘However’ Chiles date << limited Jin its ‘spatial 
coverage and is based heavily towards report st from fishing vwessels. 
The spatial distribution of Léerng: Jobs emvationse collected bc ys 
program (Figure 4.1) may reflect the pattern of Fishine aes tye aia 


Che study area rather than ’ehe frequency of icing conditions. 


Tor overcome ihe. limpiwed- data bbiase <of icing observations a number 
of methods have been developed for predicting the severity of seu me 
conditions using environmental data. These methods can be divided into 
those which are based primarily on a theoretical approach and those 


which are based on an empirical approach. 


Two of the most widely used empirical methods are the Lounge 
diagrams produced by Sawada (1962) and Mertins (1968). Bo. the-ofep-thege 
diagrams are based on observations of sea spray icing on vessels. The 
diagram produced by Sawada, and modified somewhat for use in Canadian 
weather forecasting offices (Maxwell, 1982), uses air temperature and 


wind speed to predict the Severity of icine atv hour ol sesen (Figure 
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Locations of reported ship icings 


(Stallabrass, 19830) 


50° 


otf astern Canada 


oF ee 
Had. “the “diagram ‘produced byseMertinse (Figure 4.3) “-1e \baeeds mon 
approximately 400 observations of icing on German fishing, trawlers in 
North Atlantic waters. This diagram uses air temperature, wind speed 
and s@4 “SUTiiacel temperature (to predier Che wace of) Meine s.0 
eentimeters per 24 hours. Mertins diagram is perhaps the most ‘widely 
used method for predicting icing rates. The method is used by a number 
of national weather forecasting services and has been adapted for use 
in areas with different environmental conditions (Wise and Comiskey, 
W980). The only general criticism of Mertuns foethod (is that @2t aledaae 
to underestimate the rate of icing on smaller fishing vessels (George, 


(O75: Stallaores ss —-9809%, 


A number har. theoretical’ methods “are “available “for icalenlacane 
i@ing rate. The Soviet models (Kacharin, et ali, 1974; Borisenkovmame 
Peneélko; 19/J/5)° conflict “to. suqh “a Larger degree wrth lestab hie hed 
empnarical methods, “such vase Mervin’ ss, that “they “are. “suspect im 
addition "many of these methods take a rather complex approach which 
Seems to be. rathere"unjustified in view of the uncertainG@iless 12 
measuring or estimating the various atmospheric and ocean parameters 
as- well as representing the rate of icing for “the >) vegsele 
CStallabrass, L980). -A simplified” theoreticaly approach presenteaqueny 
Stallabrass (1980) gives resultS which are in closer agreement with 


the emphirical methods. 


The relationship between environmental factors and icing rate is 
demonstrated in Figure 4.4. This figure presents a comparison of the 
icing rates predicted by the Stallabrass (1980) theoretical model and 
Mertins eraphs-—for’ a standard. set ‘of conditions. Although Mertins 
model gives slightly lower values, it is apparent that the two methods 
are in general agreement. The lower values for Mertins model are not 
Surprising since the Stallabrass model was calibrated using date reo 


smaller Canadian fishing trawlers which tend to accumulate more ice. 


The “potential icing  -s@ason.ain,; the. study, Warea can’ Dev veagiiy 
identified by applying any of the icing models to environmental data 
Par elCne sft shore . Figure A. S indicates the potential sea sprayyiic ine 


season in each of the study regions. Periods with sea ice coverage are 


(T96T ‘epemes) Aeads HutzaerzyZ OF V9Np HutToOT sanqonaqsazadns sdtys 


SJOUY Ul SPUINM adDJINc 


OL O9 OG Ov O¢ O02 


Buin Anpay Asan 
Build) Aapday 


Bulls! ayosapouw 


Gn oo 


Burst yybry 


C°v ddA 


Ol 


Ol- 


Gl- 


gD, INS 


a7 


a4iNptosadway 


7 
, . 

a= > Fd = See ge 2r-)! 

F&O : 

=e ¥ > 


cL 


FIGURE 4.3 S 
( 


i H 
Beaufort-Force 8 


moderate 


moderate 


Se VETS 


sis 
fi 


' 
ho 


light 
moderate 


Par TEMPERATURE sc } 
D fo) 


moderate 
| severe 
| 


SeCVere 


very severe 


very severe 


22 0 2 4 5  -=2 0 2 a 6 8 
SEA WATER TEMPERATURE (°C) 


hip superstructure icing from {réecuing Spray 
Mertins, L368) 


nee sf. 


* - om 


f 


Ans MST 


‘aond 


ICING RATE/24 HRS. 


CM/ 24 HRS. 


RATE 


ICING 


Wind Speed 40 kts 
Water Temperature 0? C 
Salinity 32 %o 
3m 


30 


25 
Wave 


siAghal aie “10 -8 -6 “4 a2 0 
AIR TEMPERATURE (°C) 


Sn Stallabrass 


a Mertins 
Air Temperature =O 
Water Temperature OC 
ik Salinity 32 %o 


ne Wave Height Sim 


20 


Ke) 20 30 40 SO 60 One 


WINO VIEEO CIs aGek tise) 


FIGURE 4.4 Comparison between icing rates as predicted using 
models developed by Mertins (1968) and Stallabrass (198¢ 
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FIGURE 4.5 Monthly occurrence of sea spray icing by region. 
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excluded since the presence of sea ice reduces the potential for sea 


Sora yr  Corta ct OTs 


Lt is? clear from this® fizutre. that* ‘se'a “spray? icing vs a**potential 
problem in all~-the regions under consideration and that the most 
severe icing occurs in February except in areas with seasonal ice 


overage when" it. océdrs prior ‘to freeze? up. 


The@Saétual: percentages of observations in different Corny 
G@ategorites has “been calculated for the Sable Island area and®* the 
Wi bern ba ea ce a AOMORI Ome Canada (Ata 198 Loy lin bore tareds thetvatves 
were: determined “by “wsing’ *Mertins'® graphs in eon ianetion wien 
Gavironmental deta.’ vThe® reSultsisof these istudves indicate” thet che 
average” frequency of Moderate’ and’ more severe be ined condieion simi 
February (the most severe month) is approximately 5% sat) Sab levils Lame 
and 9.5 to 12.5% at Hibernia. No comparable values are available for 
other areas however, a number of large scale maps are available which 


ee a's ’ : 
- ee. 
show! the! * frequency *of Vicing “edadrtvons "an "the®* entire study area 


q 
(VeAnee bus; T4744) 8 Howevert,- \these* mapas Wee <a different) method ta 


calculate moderate and severe conditions. 


THE OMobed St vayee C198 are t ound * thar The most Wevere’ tdaing 
econditdons at the Hibernia site were experienced in the cold northwest 
wind behind a low pressure system. This conclusion agrees wit tier eet Des 
from other areas. The study also found that the most severe conditions 
weresMexperwenced Iiwhen-, the Loan pres Sarre! bes s'temil wae) foenimened 
approximately 590 nmi northeast of Hibernia and that the most severe 
aa ‘spray i¢ing conditions are not ‘normally Associated “wiley ete 
strongest winds. These normally occur when the low is’ closerretov the 
22 tes hist one’ luston “may “not apply’ Co -all other areas off the cack 
coast. The Mobil study also found that the duration of the storm was 
more important than the maximum severity. The most severe icing 
conditions were experienced when a severe low pressure system sta led 
in #He® Labrador’ Sea for’ several’ days.’ The presence of sea ice up wind 
OF tal shikeeeecan® aso *Ainerease ‘the® iseverity os fiteine? condieioneseay 
al Lowi net tol dee’ tavoetro Viceaeh ithe site Vbuty them tee, ican valeon Na eae 


moderating effect if it reduces the wave action. 
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Ore voksthe,imost ditiscubt problens cGnicstumeatange!wcine conditions 
for offshore, areas is) calculating exitireme jevents /,Sinceanmost+idesiten 
WOLk Ls (oasedson DOO vear @vents if is Important ‘to calculate “ene hoU 
year cing eventas Thist requires. aqdetatbed analysis, jot) arlle wens 
events, for: asperiod, of at leasity)70i.t0.030, years.e  Theyanalysil sevotemcume 
events sis complicated since mostisships .bend, tio pavoidjareas (woth isevier¢ 
L@ime condttionsiasibe, Mobil O11 Canada study (1981¢) ‘searched. the 
avaruable adate and Jidentafitred--the most ‘severe event rather othan 


at tem pitvunes tio) eco! cuwwliaitiesst hien el00 yearl ev entx 


Although environmental, factors, control »the formation: of freezing 
Somay, wthe rate siofe ice buildupsa onysa ti wvesseds Lsip imilenced eaae yi 
eonsiderable extent .by the design, and mode .of, operation of .the vessel. 


Some, .of -the wore amportant factéons ares 


(va) tthe welocity( of theyvesselemeliativesto the wa ad; 

Gb) (the staperand sizelofgthe Seeaed: 
Co)ethesshape,ofsindividualeistructuraleamembérs exposed (to acing, 
Gd) the mature ofathe surface coatings sand 


Ca Wathie sheath < lowe th roughether sur face! 
Aanev ew of wthe influence of (these factorssis foundiangMingki 49 79ar 
Due tio) the .uncertaintaece im gesitimatine: the icescaccumulet ren, onga 


Darnhicular vessel most »regulatory bodies» esuch ‘aisjPidtersgovernment at 


Maritime Organization (IMO, 1980) and the Canadian Coast Guard assume 


A peet ) dceewaic cumu lations tamountseron tedaffe nenhs typesd of% surtaces. Por 
example, "Large Fishing Vessel Inspection Regulations" (Canada 
Shizopime: Act ~. L970:eplus regulations) recommend jithewsfol bowing Pee 


accumulations for use in evaluating stability: 


fajyel le pounds) peresdee ft. 26 53838 eee as of deck areas 

fob bia pounds \nere stqoetf tag 4 3bay feel ghi) for areas of the 
Siperstructurne expogéeds to sthe (weit hers 

Coby) 6. poundsiiperiwsq. fee ©2892 kg/m) for“euardraids,4stanoh Lone, 


hatch coverings and companion ways exposed to the weather; 
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(die 32igounds toéenntupma nee. 644.3, Keim yp iomunieging .mase., 
derricksyesctemeasiredstioy fyphedchty of 20k tue (6 mm), above! tie 


main weather deck. 


These !Ganadians values -are sconsiderably! higher than those recommended 


by the International Maritime Consultative Organization, (now known as 


IMO y+ ei VIR convention, 


Comparisons between these regulations and values calculated using 
mod@is suchiwasisMerting. sneaduiticnul ts) Ayithdeknesawo f 6.25) ¢mo fetes on 
avaurfacea(densdtyyof 0.80), is sequivalent, to.approxiamatel ye 50 seth of 
i @ekevThists ice gload»wouldseexceed» the, Canadian mesulations presented 
previously ¢ 4nd awould (biei is eviewal Pai mens;: sei eat et, ah leane we eo! aD 
regulations. Basedsi omsMertins. daeerames, thus) ice, shackness», .comid 
accumulate in less than 12 hours with very severe conditions and less 
than 24 tours with severe conditions. For the maximum storm 
(dent tiie dui aw Ghia (MobidesOtl eCamada, Etdi. studg C19 Roly | Meera 
rams would predict a total ice accumulation of approximately 250) 
kg/m which is an order of magnitude greater than the Canadian 
regulbatdons... The, data collected: by Stallabrass (1980) ,indicated Jenat 
events more than twice the IMO standard occured on approximately 2.5% 
DEAE TOYASeS a Ditten Values, similar « topyhbese wompedicted using, Mert ins 
diagrams were not observed. However, it should be noted that a normal 
vessel would quickly depart the area during a storm of the intensity 
neisedakdn eibey Mobb ef0i ln Clanadan. Litidiny 'S Hady pOLo8) cl. cand, snes tous 
Dbisierved valwes would be considerably less. Whiobew jbiven (sd cep nre 
regulations may reflect the conditions experienced by a vessel which 
is @rlecsata ifilee,: from, Laing: conditions, they, may. Uc re nne sen 
conditions experienced by a supply vessel which must remain by a 
drilling platform in all weather conditions. The Mobil Oil Canada Ltd. 
study made certain assumptions regarding the build-up Of 1c -oton the 
work boats. and» .calculated a. maximum ice load. Using ‘this. valuewcthe 
stability of the work boat was evaluated. It was found that the supply 
boat experienced stability problems under certain types of deck load 
ange thallast conditions: but that, under mmormad,. condvrions: tine (vesser 


remained stable. These results are based on a number of assumptions 
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regarding ice build-up and were ‘for a single supply boat design. 


BPurther sresearch is neéded' to clarify this problem. 


Ins addatiuon y60) stabilitytsprobhemsts thei jstudy «@tobdl «OilgaGamada 
Ligne Lc) soointed. out. that, the. iabilatyisof the supply poses eee 
perform its functions may be impaired during severe icing conditions. 
In addition the supply boats own safety equipment such as lifeboats 


may be inoperative due to ice accretion. 


Bhe Canadaan).lcing «regulations discussed, rearnhiemonlyesarmiaw to 
batee afi shi neshv 6essele..s Sa migltams Coma dii an.’ mequlationsavior, mobile 
Oieanore “drilling units, “ane “only “now \ being: developed. Whe ek, 


Department of Energy (1980) regulations give recommended ice 


fa 


accumulations for sémi-submersible drilling platforms but these re 


based on North Sea cond?tions. 


A review of the literature ion icing -found no observations. of ice 
accumulation on semi-submersibles drilling platforms. A measurement 
program was carried out in Alaskan ‘waters ducwine leas 3 Dut 
"unfortunately" no significant icing events were observed (pers. comm. 
Mansk). There are some indications from unpublished sources that icine 
events with accumulations of up to several hundred tonnes have been 
observed “off -eastern Canada: In addition, observations \trom = Goce 
Inlet. Alaska will be published shortly ‘but this area experiences 
different environmental conditions from the study area. (Nauman, 


1984). 


The lack of reliable observations of icing on semi-submersible 
drilling platforms precludes a detailed discussion of the factors 
controlling ice jaccumulation on these structures, however, a number “or 
factors “are clear. The first is the Lack of understanding regardine 
icing on the underside of the platform. This area presents a very 
large surface area which could accumulate considerable quantities of 
L¢e,ovthe second area requiring “further »research “is “thee wereoe a 
Prot Le of icing rates (which is an important Sa citron for 


semi-submersible platforms which have most of the superstructure above 
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the? norial Sede hitvuquiotied: (forgthevvertical Limit of Lcing) (15 ‘m above 


the wave crest). 


Thee Mobal # Od b> eCa mad acted? tsitiudiyy a (Gh98 ewe Vusing "a. nunnery en 
assumptions regarding the distribution of ice on a semi-submersible 
platform? Gadi tth eb veritdlctall dist riitbit ton? of imeding | arrived at a maxaimun 
ice! Woadipifomesea ‘surayi Ricding events! 0 f4"949. tonnes. The “same Study 
adisot added etan edad lonaie Peelaload/ to this value: Com account” fax 
atmospheric icing and derived a maximum combined ice load of 831 
connes i ¢The method isi sénsitive ato s4) number) tofe rig parameterss andr may 


givedconsaderablyadifferentevaluesrforia different rag design. 
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4.2.2 Icing From Atmospheric Sources 


lee vaceunulfition onevecsets , dridiane ep lattfo ras. fand’! tarrerate scan 


Onigmates from a’ number tof atmosphertre souwrne est ineluding= 


(a) freezing precipitation (rain and drizzle); 
Cbbeistipier cooled fos (Gnlé Loud aeune ) hands, 


Ge) wetesnow whieh turns atoeic ex 


Snow which® collects? "on deck areas of vessels and drilling. platforms 


but does not’ freeze asi aiso considered an this’ section. 


Atmospheric cine, Beith *thel%kceptiion "ofPice® formationt trom Sweet 
snow, results when supercooled water droplets freeze on impact with a 
structures, ATimorel comp betes disicusisiion lof ithe! freeziney process Yean be 


{outdse tnt ™Marnisik 2189 Sis, 


Freézing Pree ipitation’ results whem hiquid "preci pa tarironh1s* cooled 
as Stee passes \tERhrovgi bat iayertof cold taivtiedr ithe sartace ® Eeecem “be 
divided ‘into’ fréézing*rain, “Which® has droplets erieater than 9°25 mm in 
diameter, and freezing drizzle, which has droplets less than 9.5 mm in 
diameter, *xwvcezineo rain Chasi*a race roht fal bewtich Scan’ anee* from? Less 
than ©295* mm’ per Phour (Ligne rain) -tvto greater than’) a6 san Sper now 
(Heavy teatin)Uwhile® freezing! drizzleemormally* hast "aerate of i tials tor 
leseifthantll 0etam bet hotretThes tonsiderably -hiwhert rates sot falbetar 
freezines rain «dake aki Lat mich @moreiesertouws problem fore ss tabi ihe ty 


considerations. 


Supereooted efor" hia stUttropibeits © that are ) normal yeu f nome! 2 
nicrometers “in diameterioDue t56° i'ts® low “water *¢ontéent this ty petrar 
icing “%s' Ygenetally *not**#a* problem "ekicept “for” fast movine Fobyveces 
(aircraft) or when it occurs in association with high winds. In these 
cases “latger "numbers? *of *droplées are” ‘brought’ anto “contact with “the 
surfaces PrévVious! “research fon! vthe “occurrence %of= Vic ing? caused thy 
supercooled fog (Mobil Oil Canada, 1931 cO¥ Gindatemr és \ that’ Chr. eis. Motes, 
probliem on®**the’ “Grand ‘Banks. However no data‘is available for the 


northern sections of the study area. 
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SupercogledufoguGin eloudpicing)* doesh poses ar dangers tot hetlmcopmers 
operating in offshore areas. However, Canadian Government regulations 
clearly, outhine the: procedures: for dealang with teins sltuatrone.siae 
pilots “operating Vin *ehHEeYoEeshdre arely pont weather forecasts from AES 
and irepoktsiftom ckheMatilling: plhariorms aco advise. them® off Mporenttiral 
icing? problem's 29 Theset "problems “are | Penerally avoided) by) “changing 
acide tortal tering (thes £LEZht? plants Thiet mdiln *Sitiation where? tieane 
could pose \andtanger fig Gn anitémercency situation when helicopter 
support is required or when a helicopter is unable to change altitude 


due to mechanical problems. 


Wetviswowl whieh! We bowie tepainstevan “obifectvewi ll stirek and *may 
change to ice. McKay and Thompson (1969) report’ a case where 15 cm of 
mime ttce wreh ad density of°0723 formedvas a’Gresult tof he ETreeZine™ ot 
wartsnowvet Thiise vty pe Sof tsi thietioni twrl lh most omnoete occur °when’) air 
temperatures are at or near freezing. Dry snow can also collect on the 
decki¢areas*ofiivesisels *ande dri long platforms. tts ws poniekeby thee 
suueinic 1 bn teesnowlivi bie freeze cor 4a cobbectuloneraiwesseliionaplatto 
cause stability problems but if these situations occur in connection 


with other types of icing they may compound problems. 


Tinie slowreesi ofs databroni tatmospheriohdcang tannagthet study Mareegare 
met eonologacalscreports fron, stransient pships,wdriliingsepkat forms and 
lm hats tat tones 2 sThesobsérvations. from ttimans Vent. tshipsifare thet darcese 
sourceof dataatfors thapoffshore: areatsoybuteare sof lhbimited graluemeor 
defining the accumulation of ice since these reports seldom provide a 
eontinucus record of' an icing @vent.) These ship reports, €ans9 on bye ae 
used to determine the frequency of different types of events. Drilling 
pliatiforms tod providie 0a! eon ttiinulo ust or eciand 1 but the Chinreed | amount sof 
data vybneludéd amemhertreportshand stihie hack off lang term: records limits 
the usefulness of the data. These reports could be improved by adding 
measurements of the amount of precipitation and the thickness of ice 
accretion) oni rstandards ssumiiaces:: Whikhe repormtse from. land « stataons 
provdtle! monelaWatagdonl tingoncondibions retbeyeseddon!Spravide datmert 
measurements of ice Became Lat tony To .overcome this problem vartlows 


methods have been developed to compute the ice thickness using wind 
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speed, ain ptemperature. anda préecapitaGion! gobservations (McKay and 


THompision, 10695 Chaane, \lI7%s Chaine yet ,al L974). 


Estimates of the frequency of atmospheric icing. for the Hibernia 
ar eagareerp roveded! -by (Mobil, Onley Canadas Lid 046198 Loa sthis setuadysused 
data from ttinansients.shinos,. dreillineesplatforms, cand land) seatbrong .aod 
Goncluded thar the; frequency wf, freezingy preci pitation-aat ,the Wipergia 
Srtiemistlow,y (underplantoreal) months) < This contrasts With Get -lonns 
which has a frequency of 6.5% in February (the most severe month). 
However: “thealow  Enequenscy .o feat reezing.-precipitation .canpotrcbe 
considered as an indication of low potential ice accumulations. Sable 
Tle leandswhichs aisochas: a considerably, lower frequency of ,.freezing rain 
Whan,tStause Jono ss tas, es. ghieheraseestimated. accumulation on vertical 
Boutaces )(Chaine. ef ali: \9/4). Te should ote noted.) tiat “wha Vemiene 
Venture Development Project, Environmental Impact Statement (Mobil Oil 
Canada Ltd.) P983b) addressed. the Droblemvof freezing spray wt, dad mee 
Consider,» fmeaewinysr ain.) -Lhere, ane unpubLished reportsie that, one tos fobe 
largest icing loads observed on a semi-submersible drilling platform 
ini wanadian .watetse occarced) om ythe, «Scotian «~Shelf 26. agpuesulayor 
feeezingwpueckipitations The MobibwOal Ganedaeitd. (61938 lejssetudye ales 
made @cstumaties -ofs ther (hotaleice: accumulas tom pthat, would occur sanea 
dralling: platform as. a@ result of ‘atmosphere icing) at sthes Hiperaga 
Site. ?The@estimate fone ae5Qnevearereturntiperiodewas 556 tonnes’ which aus 
similaritowthe.estimate for,freezing spray. Ut is clear that freezing 
rain tis! Ste heast asyyimportantecsi factor) fomnlice, loading... oni “semis 


submersible drillingiplatforms:as freezing spray. 


Estimates, of, the gaccumulation of snow, on otishore istructunes ware 
limited by the same problems that are experienced with freezing rain. 
The | atiypes:» of; hObservations,. that are;; made, on ‘the platnpforms ) oo enos 
preovidesthe «enequired »data.. The. .Mobil O41; Canada ltd. study (198)? 
used data from land stations to estimate the amount of snow which was 
Ass ocialt Gd» wisth» thiessmaxdmume Seascespraytizeing event« This stady 
estimated a snow load of 95 tonnes which represented 17% of the total 


see lbad Zorethis events 
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Canadian regulatory bodies’ ‘do! not* address * enetraroblénwiom ice 
Toada'ng”” from “atmos phe rte! evehts "ton! semitasubmers ib te. Idetiling 
platforms. The British regulations consider both snow and atmospheric 
rorag. "in ‘catdalating f¢ée Pode. Mera duesiol | Ome mm fo fo eelkazedl eiroat 
(freezing precipitation) on upward and windward surfaces is suggested 
aS a maximum accumulation from freezing precipitation. These values 
are” "comparable wrth? ‘those®"ised? for “che! MoebLLY 011" CaetrvadeeeLatim work 


(198lc¢c) for the Hibernia site. 


The-“Canadran” regrlativons'*for™ ice *raiccumebation Wont conventional 
Vesseus AO NOL Specriy the source, Of) the icine The Monk OU Canada 
Ged. Study.(19S8ic)} did consider atmospheric icing) when e¢alculating, the 


EO Cada wo eatOd done Ones ob Ve DOA es. 
UP Ae | Combinations "of Tcine Events 


When calculating Ace iloadings® *on veggels and? dra1ldimes ap Mat torms 
the “possibility Vol *combinations of" tetng*-events ‘occurring either 
Simultaneously ‘or sé@quient rally must “be*-considered. “The Ver erren 
Stfshore *ewidelines (UIK. Department’ of § Energy. 1930) Portieiag lace 


the following combinations of icing events that should be considered: 


(A)PSeerspray plustetazedt frosrm(dleari dee} 
(b) Sea spray plus snow; 
(eo. Sea spray. plus) rime Cfireezinge fog) stand), 


Cay *Snow plus *rimée \Cfteezing Eos): 


These guidelines go onto ’Ssuggest’ that: the -Pargdsc lactcumulat ons? would 
result® from” a* combination of* Seab"*spray" and Slazed*ttrost Atreezine 
rain), The’ Mobil O71 Canada Leatetlosle) Sstudy@t off thet Hibernia Peston 


eonsidered che following combinations iof icing events: 


(a) Sea-spray plus: Ereezing wrecipitation; 
(b) -Séa “spr'aly’ "p'1 u's” snow; 
(20 Preexzt ne precipitation! 1s" snows? and? 


(d) Sea epray plus. freezing pretipl tation aud snow. 
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This study concluded that latter by pen was, the, most, prebable,source of 
Ch@e@inedtvestr accumuhatYouse giheesstudy Sic rede: ¢ loancre ayw deme Wed 
comparison of the types of synoptic events that produce each type of 
icing and found that sea spray events and freezing precipitation 
events would be unlikely to, occur together but that they+could occur 
sequentially. .It .was also .found that. these events were relatively 
independent of each other and so it is unlikely for the maximum sea 
Spray ‘and freezing, precipitation events .to oceur together. The study 
used the maximum sea spray event which, includes a snow load and 50%, 
of the accumulation from the maximum freezing precipitation event as a 


maximum combined event. 
A operations ,under bcine, Conda tions 
Sennen epee ne 


AJ rev bem of.ia scnumber., of¢soper ating > maemwu ales }c.ar raed wiabioa nd 
semi>submerisib bes )sand,»dril Lsehaipst i currently,) being used in eastern 
Canadian twater sigshows »rthat{,-dinbesevierally,. there sisanhoyreference! tiot the 


procedures fo. be «hol Lowed,. vn, order sto matigateathereéf€eats coh bcaine ion 


24 8.0 GLSN0 Gene nit: En etafeedeash oneymcasej ons pecsofacyeactions Levers 
outlined should ice build-up become excessive. im, anothen, a 1ce 
loading had been taken into account according to IMO requirements. At 


least one operator's contingency plan gave clear guidelines as to load 
dumping priorities and the need for monitoring of ballast condition as 


the icing load increased. 


Clegnly,« there, -wWsuian tan congistentcy:sef approach sacross5 ulm 
industry. Where measures were identified, it is unknown at this stage 
toewhat sextent, they-are, adequate. One .»_poten,tia lly. seni ome apmo bivenm 
that has been encountered ais damage to deck equipment at sub-zero 


temperatures when ice is being removed by hammers or axes. 


4.4 Assessment 


(i), The, database .on, ice’ loadings, from sea.aspraysais bkimited»and 


does: moti epemmd ty it hewccurate calculation of “100 year events’. 
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(ii) Empirical and theoretical models have been developed for the 
Prediction of sea spray Lcine on vessels, but Comparisons Sugcestmtnat 
resultisstreftect the type of vessel studied im the particular database 
and are not transferable to significantly different types of vessel. 

(iii) Using an empirical formula plus environmental data, the 
ocecumpence off moderatemyporu severe nysea » igprayeakoine condatdonse has 
eStimated toscccury Stiiof thee times fone theu Sabdenclisiland area and! 9,57 
Coueli2ins% at Hibernia! during the moasty sev eneunonthroaeFebruary dim both 
Claseisy, Oniyteenerakeinformationse inhtheecrhorm tof puapse appeatae tose 
available outside these two areas. 

Civ) Formation andi rate “of “build-Up of sea spray ice. is 4a ¢function 
of "velsiselashape Lande size,* the ‘shiape soft strwetiural members» exposed) to 
Povey thes nature of the sirface) coating; andurehevheatyhilicw thriome h 
Phe, ’ Sir falc on Most ‘regulatory fauthoritaescigive ono feutdanee Jom Bee 
build-up and limit themselves to specifying the maximum allowable ice 
accumu batiiohemo bé used: vine ystabiliny ical culations. 

(v) Icing data for semi-submersibles is virtually non-existant, and 
bhereais woadehkeansunderstanding sofinicenaccumulation onsthe underside 
Oitfendecklbareasgaroruconf thanges ing accumulation pwatges—,un ethe -stdegaot 
Vert icaleorm in¢ bined eco Lummis. 

(vio, MWihiet) databasteienfores etmosphericegeieinsrwev ents y( See cime 
prectiipit alti om,iesupercoaled fog, and wet snow. turning "to ee) ws nce 
SUbtTeLeuterO YCalcwlated meaning fue lOO, vyear events, 

Cvalii)haPhineir ey fare: | indaieatdons, sihaty fory some» aneas ithe jaccumulatnwongot 
Lioepon driidingrdplatformsjcdue | to.cdiveecgine wrecipataciony mam Benes 
importants asl thesaccumubat fomkirom seabieprneays 
Gviinigies Some ,ofy thep-onecatea nendmanwals. fev l ewed sims then acours sncewin Ls 
study make no reference to icing of any type, whereas others detail 
acts omnis mor belat akiem,: ri nedudainei poad? dumpunge priorttves. 

(ix) Total icing: loads with a-50 year, return period) in. the ait bercsa 
area have been estimated to be 550 tonnes from sea spray icing, with a 
maxahumackead,lataking inteltaccdouDt atmospherick lcumege )O fp abou BOD 
tonnes. However, these values depend heavily on a number of rig 
paranetCerscaandi ithe emoadel Aurmaeadst imo Sesithi wate: iexit ants aude mriate hot 
aorc umiu lias. oni sorfl edicres. 

(x) A formal record of ice build-up on drilling platforms at 
different lLlocattone and operating under different environmentadt 


conditions is urgently required. 
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a LCEY DETECTION 


Sale Dnt roduc thon 


Sumcendie Rast Coast» drilling Voracticeauassumes: 41s Vice gowidele moe 
detected in sufficient time to take any action necessary to ensune seme 
safety ),0f »ythe, (operation Ggunderacany | weatherm conditdon Lork ed7i liane 
Situation. The,:driblbing platforms, nely-.upon marines»radareais the 
primary ice hazard detection device when conditions preclude the use 


of Visual observat lons.. 


Floating ice 16 srestricted tosthe winter monthebaingt herGuls voteaee 


Lawrence and Trane. jon ‘the  Scotavan. “Shelt.. Therefore, until winter 
Gr tAiim eis) proposed--for athe Guilt, ithe, detection of? lomtings ye eams 
mot @,Silenifacant ornoblem in sthese isomuthern sareas. Howev.erge floatang 


1Se an the orm of acebergs, som .Seagdice nepresentseyal anneal Gpotenprel 
hazand towalbl.-shap,.and edrtlling.epenations, (tirroughiout, eahe Nareagt som 
the» CGrand, Banks, .northwards. Consequentliyiies Lt, ALSrh es Sentiale etna 
potentiahliy ,hazardous» floait ing! ice de «detected sandsrela abl yrntuacted 
under adverse atmospheric. wand, -oceanog naphic ~conditions, um suffierent 
Cine. ston soaker. unveeachionasugecessary to. ensure .the, safety -of 7 fens 


MNeration lin Chis (region. 


Adi phosune vasuals,~observations: sarépiused! oto provade tnformatvonetan 
upstream conditions. Occasionally, and more on an experimental than 
ameopesational. basis,» Side, Lookingy AirbonnenRadarotiSLARY systemselare 
employed for both pre-season and operational reconnaissance. However, 
an operational SLAR reconnaissance program is planned for the Grand 


Banks) Wdurongetheswint er sand .sprimg sod 1.984. 


The marine radars in use range from the basic systems supplied by 
the offshore platform (usually a X- and a S-band system?) tom special 
systems supplied by the operator which employ special frequency 
combination!) capabilities and. Automatic Radar Plotting Aids: (ARPA).) On 
some of the platforms antennas are placed on top of the bridge's radio 


room or control room, while on others, the derrick top is utilized: 
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It is noted that although these ARPA systems do employ special 
processing for automatic target detection, discussions with NORDCO 
Limited ice observers experienced in their use indicate that there ¥S 
no noticeable improvement over conventional radars for the detection 


of icebergs. 


Airborne visual reconnaissance flights in the Grand Banks/Hibernia 
region are normally flown as long as: there are icebergs present. The 
offshore operator apparently makes the decision as to where and when 
ary Teiven Tha ghee occurs. NRPS abtador? flaghtsetarey normed tye romly 
conducted before or at the beginning of the drilling season to monitor 
the sea ice break up. Once the pack ice is gone these flights usually 


stop. 


Occasionally, reconnaissance information from other agencies is 
Gertie’ THs  “ilnetiided Ghtormation «from Winternational AeehePatrol 
(LIP) and Atmospheric Environment Service (AES) flights. Normally no 
dedicated flights are made by these agencies and the information is 
supplied on an opportunity basis when they are operating in an area of 
interest. However, the AES now has a mandate to considerably expand 


POs @icet* and *iceberg proerans 


Very limited quantitative work has been done on assessing the 
perrormaiecé® of S theldvanvoustbdces det eetuion devices currently being 
anployed) Mate east’. as far as the open Literature is) -ooncerued. 
However, there have been and are currently ongoing a number of 
government tandroilwsindastry asponsaqred R&D | progirams Logendedasto 
establish the theoretical! and practical limitations of currently 
available equipment for ice detection, and for the development of 
novel ice detection systems. The following sections summarize the 


results* to date: 
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5.2 Performance of Floating Ice Detection System 
Dee ol Icebergs 


A review of the historical literature shows that icebergs are poor 
radar reflectors, (e.g. Hood, 1958; (Budinger, 1959% “Budinger, P96: 
Woliitams 11979), This results in two detection range IJainmitatione. ne 
Maximum range of detection is limited because of the low.-siegnal 
return, and short range detection is limited” because of competing sea 
civerer Treturn., Figure 51°16 asinmeny.ofetthe detectacnapemiormance 
compiled. from the  workeror a number of researchers. This* crach) shows 
the Maximumierange of detection ‘wersus projected area of the iceberg 
(area projected onto a plane normal to the incident radar beam). 
Estimates of this projected area were used to fit Miller's (1982) and 
Pearcon ss) <1982)) data on “the eraph, The” faeure should) not be 
Miscometnined as Tindicattng that “all targets were detected), rather it 


provides range of detection information for those that were detected. 


Figure 5.1 warrants some discussion. The data used by Hood (1958) 
and Sudineers —(1960)) to construct “theite curves had! Satan oens 
SoGead, ae. +S “demonstrated in” Figure * S-2% The, spread “int ne deed 
provided by Miller (1982) and Pearson (1982) compare well with ‘that 
optained by Budanger and Wood. Therefore*considerable cation has ito 
be taken when applyine the® results “in SFieures"5.1 on an operational 


performance assessment. 


Budinger*s work Wwascsesundentaken <aS:44 ededicated ‘program: “sane 
predominantly military radar systems, while.the rest employed 
e¢ommercial radars. Hood's work involved the collection of Wata “trom 
many different vessels while Miller‘’s results ‘are from~*a dedicated 
Scientiecne Program in ~ vthe “Bastern SAretis using essentially 
Gtate-of-the-art technology and a complex radar system conti guration 
(Jonasson et al.-, 1981). The data obtained by Pesrson CIO82) were 


—_—_— 


apparently obtained during normal operations on a drillship in the 
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FIGURE 5.1 - SUMMARY OF X-BAND MARINE RADAR DETECTION CAPABILITIES 
OBTAINED THROUGH VARIOUS STUDIES. 
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Labrador Sea. Therefore, Figure 5.1 gives a good assessment of the 
change in the maximum range of detection performance over a period of 
about twenty-five years. Over all, it indicates that, as far as this 
aspect is concerned, commercial radars in use today ares “anicy 
equivalent to or even slightly less effective than those available in 


ene. 1950s. 


Using a range of reasonable antenna hebeuntis <15. tor. 8:0 on sa Sees 
seen that, with ihe exception of Budinger's .curve; most iceberzs 
(considering the data spread) except the large size class were 
geCectied. wi thinethes radarshormizon—and—pnobab.Ly the visual horizon. In 
other words. Visibility (permitting, most -icebergs. will be bseen 
visually before a. Maadar detects. them, ‘This observation hes bean made 


by a number of researchers. 


Finaldy, @cautions was (expressed by Hood C1953) thate the curves 
shown are probably not applicable for assessiing growler= detection 
manges. Ai crowler geremally has ia jfreeboard, gpltot l m and horizontal 
dimensions to 6 m. These targets are normally only detected when in or 
e2Ose. Col .tne region} of strong iseia clutter> and (there tore ered 
detectabitaty ais govermed by -the foperator’s ability to ditscriminace 
Ene. growler signal frdm thatq@of the surroundinel clutter, Asm mndicated 
ie Pigure S542.) ‘this |camy cause Wide fluctuations: in: ties ranee so 


detection! wathin .bhis) region. 


Hood (1958) stated that under normal conditions with sea clutter 
extending owt: to slightly less than 2 km, an“if¢elfragment laree enough 
to inflict damage on a ship will be detected beyond this zone. He also 
reported ithat out of a total jof 54 erowlers only 22 weremdetectedub, 
radar and then only outside the clutter. None were detected within the 
clutter and some detected outside the clutter area were lost upon 
entering gtt.—Tthe-lergest—2rowler—was-«detected,/out to a range of 3.5 
km. Budinger (1960) could not detect growlers beyond 7.4 km. In his 
conclusions, he stated that waves in excess of 1.2 m might obscure a 
dangerous growler even with the expert use of clutter reduction 
controls (these same controls are in use today). Also, he concluded 


that if an ice target is not detected outside the clutter then it will 
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ROtas De, detected at; atl.« WihLiams~. (19,79) reported similar detection 
ranges. From the preceding, it can be assumed that there is about a 
50% probability of detection for growlersiyoutiside ithe €lutterd ree von 
and the absolute maximum range of detection is in the order of 5 to 7 
RiweAS@a, clutter region gextending Pout esto. 2e kev s probably the norm 
this indicates that there is only a circular annulus about 3 to 5 km 


Wide. 24 ki. sfinom ay platform, or ses siel, .whenstherawis anye esl eniifacant 


possiblity, e wife cidecectingy | abegrowler. Tn high sea states causing 
Sighliweant “<elutter = out eto G56 km. ior greaver, P the -probabwl ity) Poe 
detecting «ay growler: lis) then virtually mil. It. was: salso reported by 
Hood ~10) 953) ent hat. hon@ione, oeé¢acien, <a gale.» qaused signifiecant. wea 


chutt en (to hex tend fout ytojabout bh5 sO.mem «and tthits aresulted sin icebergs 


about 30 m high being rendered undetectable. 


Buckley et al., (1982) provided a good operational assessment” of 
marine radar .forvicebers detection winythe.Labrador Seacwit waswertarved 
that on a dynamically positioned drillship X- and S-band radars are 
the .puimany detechion, wand trackines devices yfor eadblisioe sant tama samo 
that S-band radar was better for long range detection and thus was 
utwiliuzeds more for, trackings.ands psunv ediilelancesese Xebanduradar wadebert ar 
for detecting small pieces of ice within a few nautical: miles of the 
rig. Large icebergs were observed to give, strong returns —ane stnen 
sometimes later very weak echoes. However, it was noted that large 
icebergs were usually eventually detected and that the real problem 
wasjidetectumgerbergy watsior  egrowlers. Except: fore verys darge Lceberess 
the Smaximunicnangee of edetection awas, £oundsesto bevel SsS5aekmenfomt aie 
practical purposes. The returns from the bergy bits and growlers were 
sands tos look veryumuchi dike ey sea clutter and they could seasadly 
be obscured by clutter even in moderate sea states. It was said that 
in, actuality, reconnaissance, by! patrol boat was tthe’ be'stremethod for 
detecting growlers given the present state of the art in commercial 
marine radar. The authors suggest that other sensing devices are 


required for iceberg detection besides commercial marine radar. 


REMOTEC Applications, Inc. in 1982 prepared radar configuration 
guidelines for iceberg detection from offshore drad linge phate ormsee fox 


the Newfoundland and Labrador Petroleum Directorate (1982d). The 
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Leport  tecommended four Cont Lsureations, “tne "Minimum accep tap ls “ane 
COusiLsSting?’ Ot one” x=" and one S-band radar mounted as hgh *as—vo0ss Hone 
on” tie ~pleeto'rm.- “The wAmnost *Comprex P'conerzsunablom Loeluded ) a> | Mow 
resolutvon X-band "radar in additwvon to tne couventional: <= sand as 0400 
sy scems. “ltrwas 1ecommended= CNaterne scanners :or UNis “add, th one ina add © 
SsuouLd "De. MOUTted, “Li DOSS lbte,” sat a2 herent. slower » Cian cree suis t 
band s¢annher, “and* 2teleast™ one XK Sdand” rager “should? have® swreciap i.e 


CLES rear MOD eon al = po ars rier Ore. 


Lie report noted “that “evaporation ducts "Can "exist" Over "iter surrace 
Of tne ocean im che North At bantic, with. the* medtan upper “poeundary soc 
Phe duct being 120m high tn’ thes seummer and /30)m “inv the: winmter.siemaee 
targets “having tWwelghts Vess) "than tne’ duct “height may mot” be detected 


ft a“ radar “scanner is" Located above "Cire: ‘duct’. 


In the conclusions and recommendations of the report, it was noted 
that detection performance was highly dependent on the training Vand 
experience "of the radar operators and that motivation and constant 
Vigilance’ must be maintained to ensure. the best” reliabiliey. ft wae 
arso stated that these” operators Should be trained? not” onty* 108 ene 
pasic “operation of the radar *systems,° bute “also* in’ ‘the subehetwes Mand 


basic tieory “involved 


Ryan’ undérook "a" "study* of crrent™ ™ Teeberg* (detection capapmurcy 
under “contract *t'o “the “Newfoundland ‘and "Labrador ‘petroleum Directorate 
(196590) “Although *other® sensors *were discussed’) the’ Study conesentrared 
om marine radar .@ Extensive theoretical” model ling “was™ undertake name 
determine maximum detection ranges under various environmental 


conditions. An iceberg cross section model based on Budinger's (1969) 


work was utilized © However, ‘we Was Deen "shown that’ ewere” 1s? etre sor 
error “in "this earlter “work “Dawe, ''1983>"*" Hanmond (Ice Operations 
Division. WS). © Coasts Gaards. *Washington) %. *persee* toommaethes2 ee Gis 
fuvalidating many “of? Ryan’ 's* codeliusifons. For exanp le ila birtantet 4o.£ 


deCectrom of US adomet res Pin’ fa) ‘Sea’ state* zero waseeriven afore 4 
growler. This Ls appr okt ne tel y* 8 dio’ bl e- Ft the found Pat ©) iaretega 
measurenents and “shown” Sn" Figure? Ss 9To”* obtain tchey best detect ron 


capability a radar configuration almost exactly the same as that 
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recommended in the Newfoundland and Labrador Petroleum Directorate 
contracted study (1982d) was suggested along with the addition of a 


Japan Radio Corporation (1982) sea ice processing unit. 


Other than «thé, growlem detection resuhts byt Hood©(1958) pethere’ us 
no quantitative information available regarding the detection 
capability versus range under any given set of environmental 
conditions for any given iceberg target. This shortcoming has been 
recognized by both the oil industry and the government and a major 
PHRoOve Cte tis. gp lanneds towtakeeplateidin NI84i.wkth dthus being? one? ofsviitic 


ebjectives.(Dube,and Ruel .il983). 


Finally, subnormal propagation conditions are known to exist in 
Chey wtudson StnaiteregaongeGlhek Page cgiandaMalwright, 1O5Gde cand) ima pthc 
Strands) Banks: a regiony (Budinger gud95%149960)% This wilkseresides lanes 
reduction: ins the, radar detection range; but,, a quanititiat ive “asiselsisment 


Of thewactualyeifectson targiat detection ive-enottavail able. 


the, major; problems» tin, utaduizimige calrborne,y visblal» observat ionsetfox 


"upstream" reconnaissance is the predominance of poor Vaeeba baty 
Cond ta ons. aeparticularlys, Ans gthe #eGnand «Bankes rieg lout es eTheanback feo 
Vissmibil bey ee cam result tN ec ance led Skhacht sy and et Lains.tets 


reconnaissance capability when flights do occur. The International Ice 
Patrol! «G1 Lye haspyfhoundks tChdseato ybe ranesiendéi Gants’ apmob lien lend weheis 
devedioped,»longtermedriitenodehsyfon toebierans! imdutis: waned co f eopemat ion 
injsorder.».to|-provide.some; positionalysinformation durings peniods when 
rerenneaissanc es] sicpmohibhithedelesceyaMcOlelland: andoSt ucmeedeseires Mie 
IEP, isenow testing and utilizing» aySUAR-on\ansemi-openativonail jbais iss. iho 
provade; almost,..all weather «capability,» (Howes, €1979¢c Super’ and Wsmer, 
1976). Ice Branch of the Canadian Atmospheric Environment Service 
(AES) has been using SLAR on an operational basis since 1977. Although 
the primary role of this latter system is sea ice reconnaissance it is 
used to provide information on icebergs when they appear in the area 
of interest and increasing attention will be given to icebergs in the 
future. The offshore oil industry and the Canadian Government have 


recognized: ithe, Limitations of «visuals reconnaigsance, and, as Suc. aes 


major industry/government program is being launched in 1984 to assess 
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cherie lity wor imaging radars, for icebergs detection (Dube: ands aoe, 


19:33); 


SLAR was tested on an experimental basis for iceberg 
reconnaissance “on® thel*Grand ¢Banks' by @tihe eUniimed State ot tC ole! (Guard 
(USCG) "through the International Ice Patrol’w(LiP)sas é@arlyicas 1957 
(Super and Osmer, 1976). A real time radar image processing system was 
recently *déveloped- by Mahe SESOCer otusel witth) fa “SLARD Cand! the sytem kwas 
SHownett or. bet cab Pee tote tec eo esmall Geebe roesince onisiliet enitiliy 400 Gat ora 
KiPometressOSupertandioscmer, Lh. diniehacup detection lem wre targets 
was not coneidered’ "a problem) “altnough Sttarcet 9d eéntiivertt ian awasinot 
bossa billed. Thee US Céiths s¥tbeen Gandits @stillucontadeinag. roe wonk fomvehe 
pdentiticatiron"problém* (Martha lervaid \Hetghway/rh97 8s) Howes 9 L9I790CmOn 
chewothiert hand tthe IcerBraneh, ofvtthetAtnospheric Hnwyiironmenity service 


CARS) SOusine wartuablytthe sanmeeShAR withtionlyha@ photognaphine paeat 


time output, reports detection capabilities of only 49 to 50% in a sea 


feet thackerownd (Clapp ,) 11 98i2)re) Resul-tishafromaithe sey Ande other: tocudies 
(Ramseleri@nds Vapp At i9SOR! Switter andesOraw ford ,c')9Sbi) Gnd iciate aohes 


widely warying “detectiddtcapabilities: are’ possible. vand;yt im’ thekrtwo 
cases reported, the results suggest that the detection problem is 
related “more “to "the tdateioutput!? format tian *tetehe radareitee lt. einmage 
enhancement work on historical AES SLAR imagery undertaken by REMOTEC 
Applaecations. (1983) Lndiedtes*@ that’ Ehis#mayhindetdt by! the caseee Deter 
stadies “have shownr thatsate cle'ritiaim ranges” of fincitdencemang bese@and tin 
higher sea states icebergs may be rendered undetectable because of a 
lowvastenale torbackeroetnd Welut temwratico aGeles, 1Grayatiene alaet oo 
There appears, however, to be general agreement among researchers that 
thevmajor? factor albimitaneg iceberg detection! and’ identifications ween a 
STAR vel itis tooortarealiresolutdonzgAstimoted eariser fp iatemayor! eeudveae 
tor be’ launched!) ine sh984 | to ‘determine quantitatively (the = detection 


Sapabilities®*of SLAR. 


Supply boats sare also used: for wasual ‘reconnaissance. However, 
poor WsEielUry hresericesiy thedro seififecttinve mess: age welll . The Lr eisdow 
speed scombined with’ the \himited ‘viiswal wobserwatwonis range® jfrther 


reduces*theimtutblicy fom aiceblerer reconnaissance. 


by 
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Observations by a number of researchers based on data collected in 
tee Pan lerr ATC hiLcewte woe Percy) PORSs Lew? age mgdtic eMilwrighteh Rio 
Hood, 1958) indicate that broken and. hummocked ice could be detected 
Sy isnt rne radar ‘Outi (Goa ranges sof around S58 to. 6. “km: Le Page and 
Malwright, (l9O53.. were, table ,»torgdetact -Jeadsg.t .44 ¢.0) 5 «eke sranpe ss 
nowever; ) Perryech1953) ewas. unable “to, nedlsablyaude tect... beadgs at, piadle 
Tiey,.alsossbated that. oncesuany thes ice, ifneld.. the, madar gre taurmmn ytoolk jon 
the appearance of sea clutter. Such detection capabilities werey said 
Coy NOL spp) y shou Ssmooth lice, conditions.) Hood (1958) suggested gahat mine 
demections of smaesfiebds .would, pot) be. dafficult, because ithe, ictytends 
to dampen the sea clutter, thereby providing an area of reduced return 
on the radar screen. He, alsen phound “thatyalisok thers: tiuind ey taut 
PloSes ne pontced ewere wdetected, at.rangest-.creater than 3446: “km, noting 
enateeven! im. tough sea conditions “the -edge of a floe gave e@asharp 
denarcation) dine. Thats’ 15 4O6ppoe1iterito Bae Stated acbypPenny 19880 tan 
Sagge tihaty ind ces. And! ust rianehte faces, reisemblie «2a: clu titers ends ale houen 
detectable in calm seas, they might be missed in the presence of rough 
Seaa por. swells. ) Williams. (1973, 19790. presentedy resuilitis) compariune tseia 
[ee detoctmwon with high and low resolution radars . So called ribbon 
Sea was detected (Out to w2 knee in a sea state of -about 3 wlth the wren 


resolubion. set.. whale, the low, resolution’ set, gavesdetectaony vances’ oF 


De ialat Oe we 4 Lem. Petro-Canada» (Miller, .1982),.gave athe: same ‘ranges of 
defect Vonwasathese »liat ters eva lue sp foime: individuals tucer: floes Intera 
Environmental, ConsuLtancse Ltd. Pshowed-.exammhes« Ladicatung « thatatoy 


MonAtanee a snadan .antenna,onsitopi dotted drillship, derrick operating wn 
his “Beaufort Sea, sea ice) topographic features could be detected “out 
mor 22 gaktee wean s esspedcdral Wprocessiingerandrecal Videoe displayed latera 


Environmental. Consultants, 1983a; Raman et) al..»91983). ~‘G-CORE: (1983) 


reported ranges of 11 km in the Beaufort using surface based systems 


andsa special gram Level, wideoddisplaya 


Lt .appearns ithen that rough, !consolidated. pack «ice icant be edetected 
at. manges!souti (toy about 20jiikm» from, radars, with Lantennas emotntedr on 
feerickstepssuwhilel.on shins, the range is in order of 8 km, Loose 


pack ice conditions can be confused with clutter and individual floes 
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DAVE pte tection wranve suis img lar? to Tthose of = erowler's.. However, almost 
all the results were obtained in Atetic regions and -may not apply £0 
more southern *areas “such” as” “the Grand *BankS* Wh dre? *supnortmal 
Proper acon gondrve vons are known to dominate and the ice 


Evaractenristics may De. Very difrérent * 


None of "tile ~resulte™ to dare! stegtves@ that? telssi ical ones 
Lype £8 "poss ip le: However, it has been shown through measurements 


from airborne “imaging ‘radars and’ scatterdméters "that at! the vanglesmot 


weoLderce assogratred “wrth marine tradarye 1ce Sro poe rapiyes t Semaine 
dominating cactor an the=returdre recerved = Ce. o.*, Cray Jets a arom, 
Hengeverd 1980)" "" This. necessitates turther* study*4as*locse, Persie vear 
Lce may) wot present 4 silenurreant nazard,” ube hard (melo yeaneca 
WiecnlLaews pack could tro undetected: The "same “Cou bade bie Weer deer oe 


growlers and icebergs within the pack ice. 


Pinally | as: ivith  icetéerrgss sithere appears ‘tol be’ no eaiant eatin 
information’ regarding the detectability of “a "civenm target veypetaeeany 
eiven ‘range under a’ "given set! off énvironmental . conditroms:. This 
intorwattog® ts required int “ofdét) tegelob taint datateten “Oper s ton 


probpapilreies* 


Basically > tt'e “same Visual: reconnatgsance’ Cechniques are Senpioved 
ron sea tice as “with “tceebere’s : Because’ “sea? ee (1S wusualty tae large 
scale phenomena, the problems of detection, monitoring, and tracking 
are considerably reduced, Therefore, from a long “range (strates ee 


point OL vaew thiseers rot, ¢consideted* a* probitem. 


AS "Stated" earlierjO'SLAR' "has been usied )forinseatuce and) iceberg 
Pecounarssance Poy “AES "Sines? hOT?. SUAR* hatet beén Sfound? Cerebe wan 
excellent tool-‘for mapping. ‘sea "Pee in ald’ acerinfes tied waters: Letina 


also been provem' use ful” an derection* and*c lasstficasromiol ice, types 
and ‘varpous “orhestt *ctaract ers Ces” Cridges$" rough®?teé (earee see fae 
Si 2eehe atts) ) Tes virtual allt cwe athe ri aday/atehe opera oioned: 


Capability limits’ "it's "vtilrey only when” conditions’ are “such sGiae ene 


Mireeatercannocr* Ely. 
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5.3 Current Research and Development 


Transport Development Centre (1983) had recently prepared a 
detailed report on current research and development activities 
regarding the detection of ice hazards. Briucfily .it.shows thet mos enon 
the research is directed towards marine radar and HF (high frequency) 
multistatic radar. Only one company was doing research on multisensor 
surface based systems (radar, sonar, infrared scanners, etc.) and this 
work is being continued by NORDCO Ltd. Except for the HF radar long 
range detection system, all the research is geared towards close range 
detection (within the visual horizon). Some of the marine radar 
processing and display systems are currently operational but none have 
Been ytéested .on an vorfshore, iplatfommuotf the east icoasty, Howe vet aeeneace 
Systems are, ceared toward, staticwor osilow moving! sea. ee Pe itwatome 
(te polarge scale phepomena),. and may) not. even , de. .u¢é fu le, to ations 


region. 


One portion of the Newfoundland and Labrador Petroleum Directorate 
Study eG1983d)ecalsogy provadedgtan exece lilents » detiaisedy « discussion oF 
on-going research related to the development of ice hazard detection 
systems. Although, considerable research was seen to be on-going, only 
Chey Japan jRadio,. Corporation ,.( 1932.) haseguay mariner? sada ascyvetien 
Fommercucal ly available, swhich,. fiirom. datas) presen tied in company 
DroOchunes , shows, a .clear improvement. iin the, detection! of, se@a: eel and 


individual targets in a vseaiclutter background: 


Petro-Canada .iwepormted».thateein ,its,-+- manors ice thagardisdet eet van 
program theoretical evaluations of sonar, infrared and low light level 
television were made (Jonasson et al., .1981).) Because ‘of; «budgetary 
restrictions, only, the first .two were tested iaLong with: marine madam ain 
their 1980 field program. No results were presented for the sonar 
except to say that a variable depth system seemed warranted. Miller 
(1982) presented suggested sonar parameters for ice detection based on 
the same program. The infrared system was found to be useful and 
detection, results .were also, presented by Miller»(1982)% The «status of 


the research in this program is unknown at this time, although Viatec 


me. is currently undertaking an evaluation of the data cotlecredurer 
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Ciewiraustort Development Centre (Ryan, 11983), 


Cre trrret .fratd test oof bthe Ht. radar will sprobably mob faker ipeace 
for another year and there is no indication that any of the new marine 
wader .teciniquess orm "any otter “Sensors wit ibe! tested j/for ain. lease 
another two years: In 1934. the federal government will be Launching 7a 
Hroject Moo "assess Marine "radar "Tor" tte, “detection of Srcebergs” hom 
erring *ohatiorms “Dube* "aadeeRuel, tees RETA is tudy awit tWome kul y 
provide “quantitative. datalYon “detection "capabulit tes Sand way tstted: some 


light on the requirements of an optimum system. 


SLUAR’ and “SAR *Csyvuthetic® aperture’ imaging” Tadac) “Have? both, been 
weed: (operationally for seawice (reconnaissance in. support, of “drat lang 
peograms “in vthe Beaufort "Sear “However, the’ "1ce "font re tone: 2 1 oie 
Beaufort Sea are considerably different from those encountered off the 


east coast” of Canada and® iceberes” are "not a“problem Cd Pthovgh Some "tee 


islands are present in the region). Both systems will be evaluated for 
veevere detects om on the east coast in: 984 (Dube -and- Ruel, 1984) sean 
has: been tested experimentally for -iceberg reconnaissance, im: the 


Raster MAretic (et e.4* Dowry@ands Miter gn19834  Grayttee. abpnh? /ovavand 
shows considerable promise. The object of the experiment planned for 
thus year 18 to test “all®° imaging radar systéms currently®operatilomauly 
avarianle “for theirs tt ebers* detection capability: Again}, thie shoe 
provide some quantitative data con the detection of \icebergs jand “some 


Mnisitent, into an opt fmm ss ys't-em. 


Cagada’ is planning “to place. 4a’ satellite? in orbit sim. cere 
INS0 "Ss for early" 1990"s *which will carry ‘a "SAR "systiem’ (RADARSAT, 1982) 
Hrd @iniciy “of hte ongoing’ experimental aniritorne *SAR) tr Os aare hee. 
deoreated? Cowardst*determinrig * the *specatrcations * tor “ative spaceborne 
system. It is doubtful, however, that one satellite will provide the 
temporal’ “and Spatial "eoverage *necessatry ‘to provide theivahbr weather 
day/night ice reconnaissance required to operationally support ongoing 
offshore “drilling provramse.® Also", the? resolutdons and*limit ed tigdcidence 
anelé ange ofthe SAR® 1m¢etne system maylirenided! Pes unreliable jfor 


iceberg reconnaissance. 
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5.4 Assessment 
Bee ae Icebergs 
(i) Icebergs of any size are poor radar targets. 


(ii), The. presence .of,. clutter, especially, sea (tlutter, is) she medor 
limiting factor in the detection of icebergs when at ranges shorter 
thane the, maxamum, | Thais. pres ents «4 ¢$e%1,0uS) .p nob Lem in ,the ~,depectronact 
DeGeve Dut Ss and suing, panticulam, crowlens...asy  tthey -areselormally some 
detected at, short iranges:,.ecand even ain .~Low tomumoderate seas stat és. atne 


elutter maybe sufficient,to.mask £hem, at. theirsnaximumirenees. 


(iii) In the absence of clutter there is a direct relationship between 
[Wen Size, of the, isebere and. the maximum. range of deteerion..© The 
Peemendous scatter In the range .of -derection« data sprovided toy sine 
Var lous»ueseanchers suggests that. caution isnecessary,.in apply ines the 


relationship. 


(iv) Subnormal propagation conditions dominate in the Grand Banks 
Pecpone Buibeire tsi very -latthke,. information available rewarding) eh 
eondir2omts: An the more morthern areas. There .1$ a need for more 


Cuaneitativetmnfotmationidor «aildh a geasi. 


(v) The level of on-going R&D indicates there is recognition of the 


need for improvement in marine radar for the detection of icebergs. 


(vi), None, of, the research reported here provided significant 
information on the number of icebergs. not detected “at all on) manine 
radar. eThiss,has.-«created,»ther.false. impression Ghat ,only «smal l~ targets 
inshobutbher e@ol \undetectedan However, « it) thas! been: othése @xpertencag oe 
marine interests in these waters that quite frequently icebergs of 
almost any size and at moderate ranges do go undetected. This is 
difficult to quantify but the need exists to determine the percentage 


ef time and the conditions under which this situation might oceur. 
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(vii) Given the predominately voor Visnb i ivty seond rite sip (oar tle alee 7 
on the (Grand Banks), there is some question regatding “the effectiveness 


of airborne visual reconnaissance. 


(viii) Long range visual reconnaissance by *surtace™ ves sels? wri ‘also 
Dererestricted bi’ Guhiée Motor lv isthrlitys tand’ tthemishort ' Covermect area 


observed at any given time. 


(ix) The effectiveness of short range visual reconnaissance by support 
Vessel Samir ithe Ivitetart yaeots Cadnd pul laageip Lat forme mite ines © trea ow 
vasibrilacty or; in «darkness ) is. “unknowns Larger “tee “targets “may pe 
detected Duty ¢growlers may st ell “wot be) sighted under these! condats1 omese: 
During rough 'sea conditions the movements of the support vessel may 
oe restricted hreducing “its capaoi lity "to ‘perform réeconnmarseance work 


when LE is*>*> most” needed 


CROW SLAR, (becalise of Lts?*all weather, day/night capability, has, the 
net a very Waluapie «reconnaissance tool.) Dreict 
considerable confusion regarding its true detection capability against 
essentially point targetesr ASéwitthe marine radertithis: capabiilatcveneeds 


foo be squwants faed ; 


CxaJ A; major (Limitation with 9 SLAR dis “the , problem’ of) faantr ivi ne 
Cargere Bini areasihenchbase@the Grand Banks there Ls significant fishing 
sna arine transport trarfic,. Thus), othe probability of ita bee ea bar mes 


SL ZALe 12 anes at, Leaein inet is tracisns 


(i) The detection range for sea ice floes appears to be similar’ to 


thatrforesmalliicebergsvyandagrowlers: Signel processing techniques nd 


are 7 : 
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high antenna heights have been shown to improve topographic feature 
detect von .ranges fore consobidatedi(packhoice vane thet MeuuforteGeag but 


Chie iiay hiot Sap pity’ Lioimtth ef ha stieGoasit? off *C atladhs. 


(HD)e \Wecautse \uneonsolidated fore tlLoose Wpack! ice smay.) ltaker ontigtue 
appearancedwt lseav clutter! pons maranelstadareaut (may abe td idaititacult sta 


detect under certain conditions. 


Chute cTheednabilatyttor identify tiee types Lim: the sea vices packs ssang 


marine radar may prevent detection of potential dangerous multi-year 


floes. 
(iv) Because pack ice is generally a large scale phenomena, visual 
ODSeLVatoONS,. -ehther, from ships fon aagcraft, ,» should. be; sadequate™ fer 


MONLROTINg. ifheandepoorevusibtlityeshoitld notepresent anmanorepeen lemme 
The |\deittecttmoni ofiimubtasyear floes should also be ‘possibler but well 


trained observers will be required. 


(v) The almost all weather day/night reconnaissance capability of SLAR 
makes it an ideal instrument for the reconnaissance of sea ice. It is 
Zico capable of providing classification of ee types (and gmedrace 


positional information. 
5.450 General Consrderations 


in. tndividually, each detection ‘method has tts shortcomings. (Tite 
performance achieved through an integration of all the techniques may 
be adequate but there is insufficient evidence to make an accurate 
quantitative assessment. For long “range Strategic reconnaissance 
upstream of a drill site, it would appear that the combination of iboth 
airborne and ship based visual reconnaissance along with SLAR might be 
adequate. However, SLAR would have to be employed on a dedicated basis 
rather than as a tool of opportunity employed by another agency. With 
the integration of all these methods, however, small and dangerous 


targets may still slip through undetected. 
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Ligne Oh C1O Rte Cane wClLOSe a tekcale MOMEE OD oANe. tere are ‘a “minerals t 
problems. Under moderate sea conditions, with even-.moderate toa “poor 
Visto tyne daylight.” the “combined wee of marine radar and! dilieent 
visual reconnaissance (from the drilling platform and service vessels) 
should make it possible to detect and’ Kee track*ofs alt) ‘es wnag ard ay 
Under severe low visibility weather conditions and in darkness, visual 
reconnaissance will be impossible. Marine radar will have to be relied 
noon BImost "Coral ly.  Urfortunetelys” marine ) radar 19 ereder: rel au. eS 
bauer severe "weather "conditions, “and Tee thazards) Nay = appr wee 
undetected. * As noted carhrer, r= *shoutd:, be relatively .cisy wlio or ace 
exvartce, and ctnLs LS applicable eVvem at. snort ranee strom tie dries 
PLALLoOrm. Lue proven at close rrange, 1s that. small 1cebercs,) growhers., 
Nulirr-year floes; etc... within. the sea, ice:jpack, may eo anda tected wien 
Cea Le (Ce hecelon and precise pos ltutonel | bi to unvaic sures mn ane 


Necessary? "The presence: “om darkness, Low "visibility and/dr@roven seas 


Wiig compound this, prooben. 
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oe Lom As A FACTOR LHeRECULATLLON AND CLASSIFICATION 
Oe. <introduct von 


See. vase a “Structural Materual sie~ ideal! fOr ese, jim teen nies nee 
vessels operating in ice with the precautions that it be weldable 
quality and that its low temperature properties are suitable to the 
area Of operations. This is. 6¢asily, achieved by careful design. —There 
was a time, before such problems were understood, which was remarkable 
hot whine |Loss, Of Many Wartime Merchant: hips:  Tiisa epect ac ular 
breaking-in-two of ships is a cold water/weather phenomenon now fully 


uneerstood and not related tos 1-¢ce. 


To permit vessels to sail with reasonable insurance premiums when 
theyiuwere inadvertantly caught tinea harbour that. froze unexpectaneiy. 
Bier (lassific¢atton “Societies many) years ago “issued. ‘rules. ton 
Scuengcthenine for navigation im ace (e.g. American Bureau Of Sivippine. 
Pos) This amounted ito a little extra. stirfeninge atthe bow and) wae 


Parcely an improvement in the operational capabilities of such vessels. 


When serious attempts were made to extend navigation seasons into 
See ethrough they winter months... the Classification Societies euch 
separately published rules which were remarkably similar and are 
Pyplticd. by Lioyde lce Class a.) 2 -and 3 (Lloyds Register of Suvopine. 
ee ee Class 3 is negligible and comparable.to the .old Strengthened 
for Navigation in Ice; “but. Class (1. 4s° reasonable for manv ss ice 
operations and calls for stiffening the hull from bow to stern. These 
regulations also specify the minimum power of the vessel for 
elassificatton and require larger diameter propeller shafts and rudder 


Stock . 


To go back again to early days before the turn of the century, 
there was a developing consensus of an “icébreaker" <lLassiticeatican. 
This was mostly intuitive and based upon experience and used either 
For winter ferries or coast guard type ships which, by mid-century. 


mould work in the St. Lawrence River in winter and -spring, and) ¢e 
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nore. .in “summer acaotics wall.) Sunes new “ree wratesc! “referred | ov mnece 


tnsdificient) form ihe rating Orvedassificattod,"icebreaktens. 


When the voyage: lofy "Manhattan in 1969 was being planned 1be was 
made! clear that wood data, om) both wees properties and ‘ship *structure 
and form were almost’ non-existant. Wiate.there was, was moth oreanized 
Of stored, -in errievabphemrashion, bab was -scatteredar about. pine tire 
possession of afew tndividtals. The "Manhattan" vowage (Gray Gand 
Maybourn, 1981), with its preliminary studies and data collection, 
began ‘a. tperiodicthrouchoutrswtne 1970 smoot “tremendous WLoateres ter and 
Livestigation into "the problems otestructures for’ navigation in "ice 
Tamediately fo Klowingaywas) she “Archie Palor (“Progece® CArctia se iiloe 
Peoject,) 198i) Yo-carry, UNG bywsea (from. the Wretieyielands .)ine, forma 
eopuication “and), ancubliary @studies contributed ww. ‘remet: quantity on 
vesearch;, devetlopmetewedats- and knowlege "to ‘be, apo lied “to eine 


Sonstruction “of fshios workime@in (tc e. 


At ‘the “same/time there waswork: on ithe design of “fixeduseeructures 


built of steel to withstand ice pressure. 


The Canadian Government, to protect, the environment, introduced) ain 
LO7 2. tne Arctics Waters Pollution Prevention Acts The Arctic. Shipping 
Pollution Prevention Regulations GASPPR): accompanying weuts Fact among: 
other requirements, ‘laid’ down methodsyror Calculation 4nd ice” leading 
POrces Tor vyaripus,c44sses-7 of Lce=going “stdos. (With the Tetrodueemwan 
of the ASPPR thee method vf determiningmeshel!l “plating “hhteknecs and 
@ther sscantlings was standardizged to ai degree’ never known dDefore, 
Research (still foont inwes. -on fesdinee but consensts ls “achieved Gwe 
Ene acceptance of theseirules. The  ASPPR has proved adequate in 
service but has only been tested over the lower range. As is the case 
with: all good regulations it will be subject to revision as knowledge 


or experience requires. 


The essence. of the Canadian ASPPR (CASPPR) is “that 26 suecttre- 
CamloArerwe Classes Tory shins o Givades the (Canad vans wretre into 
eG6ographic regions -and then stipulates at what time of year a) certarn 


@laes of wessel can enter a certain region. (Figure 6.1). The elagees 


PLO 


CASPPR Shipping Zones 


FIGURE 6.1 
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mange fromOebustio 10 waitihenl 0 betngeuthe Riehest and permitting that 
vessel to go anywhere, anytime (Table 6.1). Recognst von, 2s. Se ivem “fo 
the Classification Society ice ratings as Class Mes Sy GO Atm De Dat 
Chese are all™below the Lowest Arctic iClaceet . (Tabiams.2) . Bearing in 
mond that Class A’ “(Ultovds aee dey 16 Specuticallyswor udavieart von an 
the St. Lawrence River “adnd Gulf""and thab@"Claes @ Gs a good sized, 
typical icebreaker, one has some cONgept CO Che Se Ope (Of Enis 


Regulations. 


Notwithstanding that’ research work continues on maximum expected 
linearly disturbed pressures and point load forces and the structural 
analyses to optimize design response, there is sufficient knowledge 


end data fComoonstruct ayetlass lO mressel With contidence! Gav rne cacute. 


It remains to be reaffirmed what class of Wesse hb, OMesuruccure,., 4 
Suitable to the areas of the East Coast operations. An attemply at). Pide 
is currently being made in the formation of regulations for fishing 
ls.. The same shotild be done for “supply ‘b@ars and floating 


2 
drilling platforms. 
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Column Column Column Column Column Column 
ri Vix X XI MLY. XVI 
Category Zone 6 zone 9 Zone 10 zone 13 Zone 15 
Brectic All All All Ae All 
Class 10 Year Year Year Year Year 

the 

Arctic All ALL All ALE All 
Class 8 Year Year Year Year Year 

2% 
Arctic All All All All All 
Class 7 Year Year Year Year Year 

3 
Arctic oul Ss All All All All 
Class 6 to Year Year Year Year 

4. Feb 28 

2 son ee ee Jul 20 yu 20 ul 20 June 1 June 15 
Class 4 to to to to to 
2. Dec 31 Mar 31 Feb 28 Feb 15 Mar 15 
BEC LG Aug 1 Jui 20 oiebo Julg “1G June 20 
Class: 3 LO re to ES to 

6. Nov 20 Jan 20 Jan 25 Dec 31 Janus 
ArCctI¢ Aug 15 Aug Jui 25 June 25 June 25 
Class 2 nO to to to to 

pe Nov 20 Dec 20 Dec 20 Nov 15 Dec 20 
ALCtic Aug 25 Aug 10 Aug l od eS Ja 2 
Class 1A to to to to to 

oe OSes Dec 10 Dec 10 a haiee Sl Dec 10 
Arctic Pug) 2s Aug 10 Aug 1 peers Jul 1 
Class l to is to to to 

2 Sept 30 Sap sel Oct 3) iva st piles Nov 30 
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A to (eS) to to to 

Ot @aera he Nov 20 Nov 20 Cew22 Pee 5 
Type Aug 25 Aug 10 Aug 1 Jule 5 wird 2 
B to to to to to 

gas Sept 30 OSes eta OC hes Nov 30 
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iS to to to to tO 

L2 Sept 25 Oct a2 Cet e25 Ogt..10 Nov 25 
Type No Aug 15 Aug 5 Jul 30 wu aS 

D Entry to to to to 

23% Cet 20 Octs20 Sep 30 Nov 10 
Type No Aug 20 Aug 10 Aug 15 Jul 20 
E Entry to ES) tO 126) 
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TABS a 6es, Opening and? closing dates,/forn* East?) Coast GASPPR sonec 
For different ice class vessels 
(Arctic Waters Pollution Prevention ACT. ae 
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6.2 Design Considerations 


The ice parameters which need to be addressed in the design of an 
SOfi snore vnat ares 

= The mass and impact speed of sea ice, growlers and lcebergs, 
which directly affects the forces developed on the hull and structure 
On an offshore. unit: 

= The rate and total accumulation of ice (and snow accumulation, 
if applicable) on an offshore structure caused bysclimatic condieiongh 
This additional environmental, loading, .will,jaffeet both the structural 
design and the stability of an offshore unit; and 

= The’ alr. and .tsea temperatunes «prev.aLentia wheres4uGa | gis 
encountered may influence the selection of construction materials 
wong, high = tensile sisteei ante t he degree. .of.. weather. iprocting, 
required for safe, comfortable working conditions for offshore 


personnel, 


Two sets of Canadian standards,.are relevant: The. Interim. Standards 
for the design ~.constructien|and,operathon..of new Canadian registered 
MODLLe offshorey drilblinc) units  GMODUus) necentily wdistraibuteds for 
comment byygohe aGanadiam? Coa sit (Guards g 01.9553.)) pnd) sphie, eCanad tap -Arekee 
Shipping Pollution Prevention Regulations (Arctic Pollution Prevention 
Act, J9720eifamedest¢nagconctruction and operation of shins operating 


in Arctic waters (these are currently being revised). 


The Interim Standards are based on the Intergovernment Maritime 


Oganization code (IMO, 1980) for the construction and equipment of 


MODU's with additional requirements specified bye Che eGanadsan, Coast 


Guard on the basis of operational experience in Canadian waters. Pare 
Il of the dnterim Standards,) “Constnuc tion, -Strengeth ! andes Materd aie! 
(Canadian Coiasit «Guard,.'h983) » contains? the following statements 


regarding design loads: 


1301) Thesmiodesteoh operationasfnan eachs unit tehalesabe investigated 
using realistic loading conditions with relevant 
envirionmental Loading s < the following environmental 


considerations shall be included, where applicable: 
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Cay amt ad hoe Ces} Sais t aimed. and Sus 6» waind « y elio cava ee es 

relevant) ssha hie bem cums idence when determining wind Loe dts: 

PESPee ses: sand ir esuli tant. cho tees shall be calculated by the 

method: referred to in) Sectaon 23 or by an equivalent method; 

(b) bi?) WAV Gs (Lor cased (the pdesignuy waves ori waria shall. be 
described by. design wave emer 27% oie Sot rash oe 
determinate design waves having appropriate shape 
and? $2 @ 5; consi derat ion.shall be given to waves of 
bes serh phe i ghther ah e neweducie to theatre peraiods) «lhe 
eltiectes (onistrictur 4) kekenentic may be greater; and 

(it) “wave> forces utilized in the desieom anaglae esha Wt 

Lime uiduas thie whet fan bev cae immersion, hee laare amd 
acceleration due: cto MOGLOns) theories. asedwifo¥ the 
cra; eeardia Cilio nie cole wa éie ore e's § and the - selection) of 
eeet facvenssy shalletes ko. the Sate siac torn sofa tive 
Board; ; 

(c) current loadings... consideration.-¢hall.« be given to the 

interaction of current and waves and where Nnetess ary, (ei Le 

Superimposition shall be pert osmedgebye addingy tebe “etirrent 

velocity Vectortally to.\the .wave. partic le Melociltyaewetn’ eee 

resultant velocity being used in calculating the structural 

Loadingsadue to,ieurrent and waves; 

Cd ani ce) and. snow forces; 

Ce) mooring forces; 

(f£) temperature; 

(g) extraordinary conditions. such as. the occurrence cet 

earthquakes, fouling, etc..and 


(h) any other loadings considered Selevant iby the shoe a 


The above design environmental conditions»shall be*based upon 
Significant data with a period of recurrence of at least 190 


years for the most severe anticipated environment. 


Results from relevant model fests. mayy bey usedeto wgubetantiiar es 


or amplify calculations. 
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UUM SiS). eminent inom Pcl wGa el band Cee aes there are accepted 
procedures ‘for calculation of design! -tloads |) sforhewind, «waves sand 
Curent. HoWeveny fom (inl <dbelii cel and esnow forces" of relevance to 
Chipiise sit udlyyedt hexret dseno Lad tea (LOM ea Ss CO, iio Ww ut heice esth oll dubs computed. 
Data on floating ice and icing conditions are scarce in many areas of 
ecasiterni eCanadacscasware wind, wave and current data. However, the 
greater understanding of wind, wave and current forces permits more 
a CeMnahes est na polation ufarioms limdaitiedrdatiat basess Co arrive at reasonable 
estimates of 100 year return events, compared with the equivalent 


estimates for ice loadings. 


Doe Paeeeilijediht tetehand Damage Stability and Freeboard", Section 
21.4 dealing with sample Yoading “cdndBiions,e sitihis noted that Uroc 
operations’ in they»mortherns.or @agtern Waihenms of -Canadaw thew are able 
deck load in each condition shall be adjusted to allow for the effect 
oteicedand smow accumu lationmSen! the “in we Es Ps true tunes: Again, there 


is no indication of the accuracy required in such load calculations. 


temSecqcthonfdeahing with the extent of damage to surface (26.1) 
ead column (stabiliged> (26.2) “units to be considered in assessing 
damage asittab i) itty) ae femeiteiot thulds breals ine the ander «of (3+ mand omer iwdeeh 
peneiriatiivom sof le di mi teneh ithe lveteieal dimensions generally greater 
titan, ©3 #mi thie lowém thells ort lion aeseqard saesumed: 46 bere liable fit 


Gama sie) Conley) ah en eo pieirasteinig, gis cat lueghit) ore ut mansacde condéedan (25a? (we bh 


Bee Det: thomsk'e:e¥erinas BG) 98200 rides e656 the Classifications vor 
MODU's require the platform to be able to survive not less than 14 MJ 
of kinetic energy for a Sideways impact with a cupplyevesseleivand fa 
ni- fora Powlwrveterht tod 1 ikeion, The supply vessel is assumed to be 
7.000 tonnes displacement, with an impact speed of 2 rt Ther ampact 
speed caused by wave induced motion of the supply vessel is assumed to 
be oot | bien te, where H is the maximum significant wave Weight Stn 
metres. che? Wieltt teal +éxtdnbh< ofa tehetugal rigpene ts onad ie Meied on the 


depth and draught of the visiting Supply vessel, and the relative 


motion between the vessel and the MODU. 
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With respect Corer loatimmg idle On tte feger coast of "Ganadaly moaeeaot 
che concern has centived “ign Varge @icebereso fin “the 10° = Loe tonnes 
range, moving at maximum sSpeedsi-of (between (land) 2 Keer However, 
these large icebergs are relarively® 6a sh ‘tol@etecevaine chittt femtane Mine 
to (take \any* action Lecessaryr tov eisure tithe satety lo fateh ed areas au y 
drilling operations. The major ice hazard is actually presented by 
bere y Sibates Cand growlers that are extricenelys dikiretl: * tor edeeeery 


particularly under adwerece twéathelr Sond tLe ns. 


ASAT iL Ceber¢ imas sit dis reduced sithesmntidtience of (ceean waves on the 
dynamic d “ofthe ie 14 ne peace oy: Since substantial energy “ex's t's, an 
[fmm waves, YmdchtshighepeVine tant aneous) We lis ciitee es nay Tres arey eter 
rehative lykesmalilent Pee anassesed oi these waves than their mean hourly 
der 1 Bite bviailiiu.e’s 2 [uvestigation! Antoltnieteidenatsé s. taza dynamics of small 
ipebieng s Mandtibliercyrbits Agawayes has only recently been undertaken. 


Accord me ito | teaune st ranideAb oul =kom C9 Sa.4) ates n iceberg: as large as 


ib) 
(Si 
= 


000 tonnes in 1.5m amp lLitadesr#12s ¥ wave s% may experience a 
second-order Wave force in excess oF the sum Of ads Other 


environmental forces. 


VeryliLitt let gianeieativs t44aes presently'-exisies oniVexbecitied 
instantaneous velocities of Weta arigst inl eaves.” i and no. $ietaedare 
emars ts Tait! till hl Getter UEP Gare reALLD 34f) recently conducted wave tank tests 
to determine the kinematics of small ice masses in storm waves typical 
of = theweGrandd Bamk swore gan w(t Sits periodsyeclWlim heishtr sd?. The 
results of these tests may be summarized as Fol lows: 


= Ice masses small compared to a wavelength moved essentially as 


Pant ic Vest tof @ fluid’ iw o€ini 4 amplitude waves. Maximum full 
mr ae =a | P : 

scale" 'Velocitidg of9%4,.5 ins could be achieved in bee! (EBS 

waves “for at bersy) bit of mags 4,309 tonnes. The resulting 


kinetacenereytiot “WOM is three times larger than the kinetic 
energy assumed by DnV (Det norske Veritas, LOS 2). Eo re 
sideways collision between Supply vessel and a MODU. 

- AN mode lyficesstruxture dower uwas documented which would 
eotresiponde slope fwihlsbecale atn™ var k445 eee collision between a 
1,500 tonne bergy bit (kinetic energy hrbowT 110 eM) band (4 teil ig 


diameter column. Tce-structure impacts were not observed in 
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all cases, Ladi eth nesth ath the ast euctmure may modify sthe local 


behaviour of the ice under certaumy’ condit iones 


the hazandéposed bys the wawesinduc édiemotion of «small -ice masses is 
fumtiver Ginéréased # by< tc onisitdierat ion of: the shorter impact durations 
resulting from higher impact velocities; the inability to detect such 
small masses; the dant fic utittays Fain implementing iceberg management 
techniques in heavy seas; the potential for localized impacts with 
smaller structural members; the possibility of the ice being trapped 


within an open structure for repeated impacts. 


Whittle: (the results. of! sLever ett alse C€L984)0 ¢indweate sy the "sertows 
nature of the impact hazard posed by the wave-induced motion of small 
ice masses, much more fields tehabdomerrony (landdeetheohet tidaWeworke ite 
required: in’ *this areal Howevelr, “ € tite oasis possibile othe | Gax tiene oe 
"permissible" damage assumed in the regulations may not be realistic 
in the case of ice impact. Also, «the draft. of an undetected bergyv bit 
Boy ve Suisicient ito damage the lower hull of a colunn stabilized onit 


even Sth idee line tor -saimvitiviall tdivia fim, 


In addition to the Canadian standards, the rules and regulations 
of the following agencies have been considered: 

- United Kingdom Department of Energy (1981) 

- Norwegian Maritime Directorate (1976) 

- Newfoundland and Labrador Petroleum Directorate (NLPD) (1982¢) 

- American Bureau of Shipping (ABS) (1978, 1980) 

- American Petroleum Insereace &( 980 agel 932m) 

- Lloyd's Register of Shipping (1982) 

- Det norske Veritas (DnV) (1982) 

= Burdéau Veripas (1975) 

- Germanischer Lloyd (1976) 


-~ International Maritime Organization (IMO, 1980). 


The subject of designing an offshore straicturd/Aumitrefor® use) tia 
wale re “where Sea lice or Uiceebergs Carespreval ent’ igi les addressed by 
the regulatory bodies in varying degrees dependent on both their 


relevant jurisdiction and experience. For instance, the Newfoundland 
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Hegubattions bGNewfoGndl and-aand Labrador Petroleum Directorate,) 1882) 
for the design of offshore installations ‘state that 4l1l. relaventoses 
bce and. iesbere ‘conditions. are to be considered: and, for @ tloatins: 
unit, the mooring System shall be capable of quick-release in the 
eNGmt Ost: al psre yeine) ecie yt hineia tam sARS > Bisourefekeuto che: toteade Gsee.a)) wicc 6 
forces developed on a structure and offers a formulation for deducing 
Pheweotad» forcep based onmexmer ence wdenived in the Canadian/American 
Beautorteisea wnid )Cookichuilett (Aleska): Such ice specific requirements 


meimmlect. thes €actepthatdtorm American and Ganadian authorities sea ice is 


an, fimMportiant sfa'citior » towhlbe considered)» whereas ) ultivy ison Lessa) gousior 
others, such as United Kingdom Department of Energy whose area of 
one c baton is virtually (free vsathra eas ee! Gad icebergs. Sines, the 


bulk of world wide offshore exploration and development activities to 
date, haves taken phace yin ice-free’ waters» the quie st aon o ffirs cay tices and 
Weer eg ginteractionawith offshore utructures..and expLoratilonmp und ts shas 
mot received the same attention as other environmental concerns (such 


as wind and wave loading). 


lypically, thesClassificationsSacietivac require that in the design 
calculations submitted for a MODU, the effects of icing on structural 
iodine caw dnd wstahaldtiye Var eie tov tben «ots tdersad® However, no general 
Smvtiericay (such was. existe: «fornavind loading?) is wspecif leds stow sce 
accretion on semi-submersibles or jack-ups. This reflects the current 
Pech lor (experiences “avatlabile! For <offstore Operations in ice-prone 
areas, However with market demands for 'hostile' environment rig 
jemigns see loadinss mist beldnciluded. an the variable deck loading in 
the design development. Therefore the designer is responsible for 
SevelLOoLae representative vice (loads based ov rational icing scenarios. 
Resa ioe: Wave ten oe (Loads ~caleyhaned sa the baste Vos rete 
tenuimements of the “IMO for normal. commercial vessels Operating in 


areas where icing occurs. 


Work has been carried out by Norwegian and Canadian researchers in 
developing theoretical methods to calculate the icing amounts likely 
to accumulate on semi-submersibles based on the rig configuration and 


Slimghic. sOndit ions) epeciire (to. a Zgiven site. Such -studtvess weit 
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provide the basis for standardizing the treatment of icing jaboard 


Sreshore wnt s . 


Techniques for preventing ice accretion (such as low friction 
paints) or for assisting its removal by novel means (including heating 
elements and inflatable pneumatic panels) are also being investigated 
but no one method or system has emerged as being suitable for 
implementaion on a practical basis. Current design philosophy for 
offshore units expected to be subjected to icing is to maximize the 
Uses, Ofegfilush surfscesaewhenever possible (especially on platforom 
undersides) and to enclose ice-prone equipment (mooring: winehess, 


dermiic kSinaet ce) . 


In summary, icebergs, sea ice -and icing im terms of offshore 
design have not been a significant factor to date but with the 
increasing activity in hostile areas (such as -offshore Eastern Canada 
and in the Northern North Sea) these concerns are receiving closer 
attention from both the regulatory agencies and the private sector. 
Fe wWowlwe appear that furmber 'yesearch Metirequimed mn order ro Weve 
methods to accurately assess the degree of ice accretion likely to 
Oceurer uNndene given oc lima ttc udondataons: Theteffects of 1 flo.2 tte) bie 
impacts on the structure of offshore units is also an area warranting 


further) anvest pezateion. 
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6.3 Operational Conditions 


None of the drilling vessels in general use off eastern Cia rhaidia:, 
namely, drill ships, semi-submersibles, or jack-ups, are specially 
adapted to resist the effects of direct interaction with floatng ice 
Or to minimise the effects of superstructure UCeh THe ys Certain 
semi-submersibles have been designated as wEcessS teenigth ened'] Senor 
example the SEDCO 706, although it is not clear what this designation 
Mea MNS sh [xt heirs, givan johatppsomes additiogal estiffening.~hae-.s been 
incorporated in columns which could be subtected™ to \tyce wrmpace. 
However, a number of supply vessels are ice strengthened in accordance 
withd® one torudmore! | ofagt het rGemt i fice tdont gSockhet Les: orditerialie- afor 
mi sitiante A hiloydls Arctded 240 ri : Rar daca the knegioay) they kevauto 
safe operations’ in the presence of potentially hazardous floating ice 
in the form of sea ice or glacial ice, is early detection, followed by 
successfulfavotdance sor: deflection | ofeshheicice gif: be4 is,expectedusro 


come within a predetermined distance of the drilling location. 


These Laterim;: yStandarnd efor “MODU) soperations “Part oxTV). CCanadican 
Coast Guard, 1983) require “ice alert" procedures be described in the 
Operations manual, complicanee ~wrth “the. Navigating | App euanes 
Regulations» ,of, ithe Canada,» Shiuppodne-Aet.G1970) -.- and «wath the” Anotac 
Shipping Pollutdon, Prevention Regulations) foreoperations snort hat 60°N 
batibtude . The, physicial “environment guidelines | for).drilding: inrograms 
in the Canadian offshore issued by COGLA contain detailed instructions 
fom 4icéeberg.,, seaidces jand yicane: data. .colilectiong forecasting). anceasor 
preparation of monthly summaries of the various environmental 
parameters. Thedabgeot ive oh petese regudationssc.sijvauteel? caseswiaco 


Minimise the possibility .of impact between floating ice and the MODU 


On isupplhy boat. 


The ‘sce valert’.procedunes, for flioatine ice have beengdescribeden 
dethatilng in’ sectionwe ian Inpprin¢ciples,,s tceberges.must de vscdetiecteds vais 
aon gas | possabier rps COGLA, requires, 50) bm, However, experience has 
shownisthis ads often) not».possible, evens with «the \largern icebengs ,.cand 
impos oible «for eberayn..its.,vand growlers:. The . ce bercgs sare. gto. be 


monitored at hourly intervals and plotted with an accuracy sof “O..4. wkem 
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wrens eso lution or * O82" Sem. For dynamically-positioned drillships the 
aeeconnect ‘2dfe hag ta@radive ofUl Sums "The next Mone extends: Prowk seen 
to ewther? ia (distan@e@equal to Permittee “ther tiourly drift speeds of eeie 


iceberg, or the number of hours required to secure the well times the 
dhvrt ME peed -< whichever Nis? tertiedterssbeliing “ietediatardefine the outer 
Lim?t of ‘the’ ‘zone’! “The next Zone “extends’"from this distance to four 
times the hourly drift speed, or the number of hours needed to secure 
the well times the drift. Again, whichever is greater being used. 
Béyond this “distance, icebergs are “simply tracked with forecasts of 


their future drift being developed hourly. 


For anchored drilling systems, the operational routine calls for 
ice to be detected ala Soon as’ @t) comes*® Within! 200. km do f *theddril Vine 
location. When it comes within 890 km of the site, a supply boat is 
uetalty *s'evtt ‘cio towl on Ositand “byt tiheMacebers dnp?! Le eistmuteaderene 80 
km zone again. Disconnect procedure, both drilling and anchors, are 
initiated when the iceberg comes within 40 km. Not all anchors are let 
go immediately. For instance, when an iceberg came wrenin- [Oe kin ot ma 
rig operating on the Grand Banks daring January, F255, tthe Trig nadeiee 


goat! bot two “anetrors "before "Che ce drrired "away eWeage bis Ue 


These procedures have evolved from operational experience, and 
with time have’ become accepted® by the regulatory authorities. The one 
potential weakness of the "ice alert" procedures is®the®posstbrl rey or 
ieebergdS*particularly bergy “bits “and growlers,, escaping detection and 
eeritdrng = with aldriltling vessel. General Wwacard detection’ standards 
are layed down in the Navigating Appliance Regulations of the Canad ican 
Sipping “Act, Schedule D of ithese alu War ione requires that a ship's 
radar be capable of clearly displaying under normal propagating 
conditions, an object having a reflecting jarea Oreiny mm at ranges 
between approximately 100 m and 4,900 m. In terms of glacial “Leeyeisuen 
a target might correspond to a growler 19 ie with Saecirecboaurds oe 
approximately 1 om, weighing approximately 1,000 tonnes. Such a small 
paces of ice 16 likely to be moving with the waves and, having rolled 
many times, to be well rounded. Experience, particularly aboard the 
dppiae ships off Labrador with an ice observer on duty vat all times, 


TAipeaces such 4 target would be almost impossible Yo detect with 
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conventional marine radars because of its lack of clear cut reflec tans 
surteace. Also, Vitvbiewwavess ane sienieLoantlyrmore tian, ems iim ae ae eee 
the lack of continuous line of sight between the radar antenna and the 
ice further aggrevates the problem of detection. This situation does 
not improve close to the vesseljyy asn thelieteturnd irom othe acayw can rmaue 


lost in a sea clutter under such conditions. 


The COGLA guidelines also outline specific requirements for site 
specific weather and sea state forecast services. These foueca st,S:, 
which must be issued at least every 12 hours with six hour or more 
frequent ,updates;, | imust. gine ludes anformatiion pong ifreezings spray oe 
freezing precipitation. Although there are established procedures for 
pir edhicc ting ath ejse; condduthlions: nt hemer pidsycue mys qluitetelie aim Loxrmatisoniaon aan an 
io, asseastthe ampaectiio£f sucht loads £dniithe |stabidtiey, and) (hesexbeme eho 
which accreted ice hampers crew movement about the supply boats and 


drilling vessels. 


When drilling operations are conducted in the presence of pack ice 
or teaebergs,) sbocal, es bacticalw forecasts, wane yrequixredy atnyl easgGe 6 way 
ohne 4, hour Ss... (00, eeecogmlittom .f the aimad equacpies of. the sdata shasec Bor 
most environmental parameters for the Canadian Offshore regions, COGLA 
neguires monthly histograms .of- ice .thickness), floe. sizes ,.and.speads., 
pide’. | helghtsspand skeel»depths,ecandweicebere dimensions yand wine 
speeds. Relationships between drift speed and iceberg mass and iceberg 
drafitjnare alsow ton-be cproviitded. oKhinallyy,aeforeraste Wendsbecace OnwiSe 


be provided. 
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6.4 Emergency Situations 


NORDGO «has, carraed. ours va Survey of regulatory requirements for 
lifesaving equipment aboard offshore vessels and has also examined the 
Proceedings of a number of Symposia on safety and emergency management 


in offshore operations, both efor tGanad ian sand inwernational atheatres : 


Agnumbenuof puisk analysesthaveabeen canniedwout for drihling-uates 
Operating offshore Newfoundland and Labrador. In these analyses the 
possiblity ofvieeberg eolPisionkwurhea moored, dynamically-positioned 
or Mins twats ey adriisd) imesewalt tea owecwminee der oo a sSignificants wisk and 
recommendations were made to reduce this -risk factor. The .inglwence 
of sea ice or ice accretion on emergency measures or rig evacuation is 
not idvrectly addressed Anoctyese Seud lee, However, 664 Gee Gan Sba 
expected to hamper standby/rescue vessels from rendering andl and) sree 
AGcnetioniscan Cause, sedi ffiiomatnes in proper functioning of lifesaving 


equlpmentiabe.gvethe dufeboait, davies). 


The regulatory agencies do not dinecwlw «speqi fy! (the ’ needa fer 
lifesaving equipment (lifeboats, wait seg davits, care) st okbeerated wor 
opelaeions Lone auyy ipart bed latigice regime| ror under freezing conditions 
(Past Kigok fuhe'siCanadianiafoast ‘Guard (1983) Interim Standards for 
MODI" sis. Aegnecent (NGuweguami study fotehwmesy aoomcants wobuceaeun ts am 
from offshore imstiaklations, though .extensive. in its SSG, mains Le 
Mention .fyiqing and its effect on the successful deployment col anyooe 
the equipment considered in=«the study. Since a study conducted for 
the Uas .«e<Goast Guard gandigated thet) ineithe mbandonment Of (do ledarees 
commercnal «v esse 15660 2 col rohevitet al wfatealu.ed © secoubdohbe attributed to 
fatbure tyofiathee lideboat/ magne ol agnchingens ystems | aGua themed] fae 
relationship to prevailing weather conditions at the Lime) ,! «then athe 
eyemec griewmtenr dud tiicayl ¢ yecacine letiedss stu! tay launching emergency 


equipment from a semi-~submersible/platform should include the effects 


of icing on equipment operation. 


The recently commissioned Conical Drilling ‘nit (CD00); “Sa ltak ies 


GCimecular mobile dribling vesse). amtended stone operas one ice 


frequented waters typical of the Beaufort Sea, Carries “novedq 
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lifesaving equipment. This example of an evacuation system designed 
LOT Vee frequented waters), appears to) consist of an inflatable stide 
(similar to those for emérgency texto. from, eireratt PY Enae wite nm nates 
ac water level with a boarding platform and two rafts. The "Marine 
Evacuation System" is installed 9.5 m above the operating water line, 
the slide is 20 m long and the dard fy ipitateiorn BSV7Ss ta aepode... Sine 
two"lrferatts” each “ho lieeo mem. The system has been successfully 
tested in sheltered waters with 20 crew men dressed in exposure sults 
and has been approved by the Canadian Coast Guard for use aboard the 
CDU in the Beaufort Sea (North Sea Observer; *1983).>° Although designed 
for ice frequented waters, it remains to be seen how vulnerable the 
System might be to puncture by ice and how manageable it might be 


under typical east ¢odst Sea “Condit fons. 


A: major component “of” ‘any Search and rescue activity off Canadas 
mas CG C0 a:6.to 1S) bie. poe Circa ee Unfortunately search and» rescue 
Situations” “often *octur® in® bad® Weather “and >this 9may prevents. tne 
aircraft from’ €lying? or), ‘even’ when® a “flieh® fs" pos'sib1s, visibility 
restrictions may prevent them from undertaking effective search 
achiqiete’s,. Also$”’ Helicopters? Tare not = able) tot fhy }an® Sardacg e where 
Leing “Vs oOecurring and? fixed-wing SPircrake Beane somiy Jey eee vein 
conditions for’ short’ pértods*if the conditions are severe. Therefore, 
the occurrence of icing conditions in ‘the search and @wesceue. area maw 


also prevent” flying ‘at ‘an’ @ltitude® Pow Yenoueh*.to” provide® errectave 


reconnaissance. 


A®*receéent “‘study* ‘on *‘sé@arch *‘and’*®resecue in’ Canada crovercreed ene 
government’ "for“‘not undertaking **sut¥ictent® research Wand *develoumene 
activity” -im’the® area) of "remdte “detectiton techmolocy 4 {Canada Gabunet 
Committee’ report’ of ‘Fore: grt “and Defence tPGbicy, 19392). Te we apparent 
that the prevailing “poor Visibility “severely, — res tect eee 
effectiveness of visual reconnaissance. Hence, there is a requirement 
for’ the*evaluationi"ef sensing -déeviées*'simitar® tro’ tha€ being etcarraed 


outl*#oritice “hazards, 


1 9 
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6.5 Assessment 


(i) Design and construction standards for vessels operatingeiin -ice 
infested waters have been developed by pClass tincatvon #50676 toes. 
bangely.tfor, insunances paurposesuem Tie. Arctic: voyage or one 
"Manhattan" in 1969 was closely followed by promulgation of the 
Arctic Waters Pollution Prevention Act, and the accompanying 
AG@GtGtc, (Shipping, Pollution wh newer tome ecu aieeons | These 
regulations... for, the. £iréte time, suspeq: tiem, Gone) deste numa 
construct Lon,,standardsSs,umequined.. forigvessels popenatincemo : Giamo 
60°N latitude within 100 miles .of them Canadian: coast.) wie. These 
regulations: apply, 140 expiGratton actavity norcin of 60°N latitude - 
including the daté@s of ‘entry “andy exmt from “these waters) on 


Gurrerent, wee class wasiciadicn The .desien. regulations. dao onoe 


speciiically,~refer -touMODUss 


(ii)The~Lnterim .Standards, for Ehe, desien, peonstruction. anes sope uation 
of MODU's recently issued by the Canadian Coast Guard, generally 
require <icesloadings to be caleculatied for 190 year retina Mevegc a. 
However, ‘as is evident from previous chapters "of (ints study) tacre 
is not sufficient information on Most Lee parameters, toca cule. 


realistic 100 year events. 


Casi) All ‘exploratory drilling) vessels ‘operating “in the wvicini Gon 
floating ice have sophisticated ice management systems, with 
clearly defined operating procedures should approaching ice pose a 
hazard to the operations. However, these management systems rely 
on detection of hazardous ice and it is doubtful whether present 
technology is adequate for detection of small (berey eo eee 


growlers under adverse weather conditions. 


(iv)A number of theoretical studies have been carried out in order to 
estimate the damage a small, undetected piece (of (ce 1s ie eee 


inflict on a MODU. Recent laboratory experiments indicate the 


energies involved may be significantly greater than those assumed 


by Classification Societies for supply boat collision with ja MooU, 


Payever, the. goilasion forces are dependent on the behaviour of 
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the ice on impact and there have been mo Large scale rexne, memes 
EO “Verify the theoretical “assumpevons. Such experiments are 
needed to determine damaged stability requirements for MODU's, as 
well-as strengthening requirements when contact with £loatiae ice 


1s Likely to be a common occurrence. 


Several European countries have MODU designs for severe weather 
Operations. The advantages of such vessels are flush surtaces sro 
minimize structural icing and covered work and emergency assembly 
areas, Several of these desitens have “aiee strengenenina sao cme 
is not clear how effective such reinforcing Would’ be muy tne even. 


era collision with -glacvale ier 


GiaVery little consideratton—*appear |(o (maveq been 2. ane 


operation of exposed emerency equipment, such as lifeboats and 


Liferafts, under freezing spray or precipitation conditions. 
Also, it is not clear, from  regulationss whether ag hurenos ao 


Liferafts could operate in loose pack ice without a significant 


risk of hull puncture. 
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